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Institute Meeting in New York 
January 8, 1915 


The 303rd meeting of the American 
Institute of Electrical Engineers will 
be held on the fifth floor of the Engi- 
neering Societies Building, 33 West 
39th Street, New York, on Friday, Jan- 
uary 8, at 8:15 p.m. The meeting 
rooms will be opened an hour in ad- 
vance of the meeting for informal con- 
ference of members and guests. 

The paper to be presented is entitled 
Theoretical | Investigation of Electric 
Transmission > Systems under Short- 
Сіғсий Conditions, by I. W. Gross. 
This paper will be found elsewhere in 
this issue of the PROCEEDINGS and re- 
prints may be obtained on application 
to the Secretary. 

At the close of the technical session 
a smoker will be held and light refresh- 
ments served in the adjoining room on 
the fifth floor. 
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The Engineering Foundation 


A noteworthy incident in the history 
of the profession of engineering in the 
United States will be the inauguration 
of The Engineering Foundation on 
January 27, 1915, in the auditorium of 
Engineering Societies Building in New 
York. 

The Engineering Foundation is the 
name given to a fund to be administered 
“for the advancement of the arts and 


. sciences connected with engineering and 


the benefit of mankind,” the basisof which 
is the initial gift of a considerable sum 
by a noted engineer for this purpose. 
The American Society of Civil Engi- 
neers, the American Institute of Mining 
Engineers, the American Society of 
Mechanical Engineers and the American 
Institute of Electrical Engineers аге 
to be represented equally in the Ad- 
ministrative Board of The Engineering 
Foundation, by election by the Board 
of Trustees of the United Engineering 
Society, which has been made the cus- 
todian of the fund. 

All members and friends of the en- 
gineering profession are invited to these 
inaugural ceremonies. 


Midwinter Convention, 
February 17-19, 1915 


The regular Midwinter Convention 
of the American Institute of Electrical 
Engineers will be held in the Engineer- 
ing Societies Building, 33 West 39th 
Street, New York, on February 17, 18 
and 19, 1915. 

A tentative program has been ar- 
ranged which includes six technical 
sessions for which papers on the follow- 
ing subjects have been promised. The 
following list gives the general subjects 
but not necessarily the specific titles of 
these papers: 


FEBRUARY 17. 


Morning Session. 


High-Frequency Testing of Insulators, 
by E. E. F. Creighton. 
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Written communications оп the 
same subject by Messrs. A. O. 
Austin, J. E. Way, and Frank 
Brookfield. 

Afternoon Session. 

Carrying Capacity of Cables in the 
Soil, by L. E. Imlay. 

Circuit Breakers, by K. C. Randall. 

Comparison of Calculated and Mea- 
sured Corona Loss Curves, by F. 
W. Peek, Jr. 

A 100,000-Volt Portable Substation, 
by C. I. Burkholder and N. Stahl. 

Evening Sesston. 

This session will be devoted to a dis- 
cussion оп the status of the engineer, 
in which a number of prominent 
engineers have promised to take 
part. 


FEBRUARY 18. 
Morning Session. 

Distortion of Alternating-Current 
Wave Form Caused by Cyclic 
Variation in Resistance, by F. 
Bedell and E. C. Mayer. 

Dimmers for Tungsten Lamps, by 
Alfred Waller. | 

Searchlights, Ьу С. 5. McDowell. 


Thursday afternoon will be devoted 
to visits to the 20Ist Street Station of 
the United Electric Light and Power 
Company, and other places of engineer- 
ing interest. 


The New York Reception Committee 
is arranging for a social function on 
Thursday evening, the details of which 
will be announced in the February 
PROCEEDINGS. 


FEBRUARY 19. 
Morning Session. 

This session will be devoted to the 
subject of Electrical Precipitation 
of Smoke, Dust, etc., and three 
papers are proposed, the authors 
of which cannot yet be definitely 
announced. The first paper will 
contain a historical sketch of the 
subject, the second paper will be 
devoted to the theory. and the 
third paper to the commercial 
precipitation of dust, fumes and 
smoke. 
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Afternoon Session. 

The final session of the convention 
will be Friday afternoon and the 
general subject of this meeting 
will be Motor Applications. 
Several papers have been promised, 
the subjects of which cannot as 
yet be announced. 

The complete program giving full 
details of the convention will be 
published in the February issue of 
PROCEEDINGS. 
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Nominations for Institate 
Officers for 1915-16 


As provided in Section 18 of the 
Institute by-laws, candidates may now 
be proposed for nomination for the 
offices to be filled at the next annual 
election in May, 1915, by the petition 
or by the separate endorsement in 
writing, of not less than fifty members. 
The petitions or separate endorsements 
must be in the hands of the Secretary 
not later than January 25, 1915. For 
the convenience of members, a form of 
petition has been prepared by the 
Secretary, and copies of it may be ob- 
tained upon application to Institute 
headquarters. Endorsements may, 
however, be made by letter if the form 
is not available. 

The officers to be elected are: a 
President and a Treasurer, for the term 
of one year each, three Vice-Presidents 
for the term of two years each, and four 
Managers for the term of three years 
each. 

For the information of members, 
the full text of Section 18 of the by-laws, 
governing the proposal of candidates 
for nomination, is printed below: 

“Sec. 18. In addition to the names of the 
incumbents of office, the Secretary shall publish 
on ‘the form showing offices to be filled at the 
ensuing annual election in May,’ provided for in 
Article VI, Section 30, of the Constitution, the 
names, аз candidates for nomination, of such 
members of the Institute as have been proposed 
for nomination for a particular office by the peti- 
tion or by the separate endorsement of not less 
than fifty members, received by the Secretary 
of the Institute in writing by January 25 ot еасЧ 
year. 
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** The names of such candidates for nomination 
shall be grouped alphabetically under the name of 
the office for which each is proposed, and this by- 
law shall be reprinted prominently in the January 
issue of each year's PROCEEDINGS, and shall 
be reproduced on the form above i1eferred to.” 


Convention and Congress, 
San Francisco, September, 1915 


At the meeting of the Board of Direc- 
tors of the Institute held December 11, 
1914, it was decided, after a long dis- 
cussion of the advantages and disad- 
vantages of the different dates that had 
been suggested for the Institute con- 
vention in San Francisco in 1915, that 
the best interests of the Institute, con- 
sidering its relations with other en- 
gineering societies and the International 
Engineering Congress, require that the 
San Francisco Convention be held in 
September, and the following resolu- 
tions were adopted: 

Resolred, that an Institute convention be held 
in San Francisco in conjunction with the Inter- 
national Engineering Congress in September, 
1915, and that the Annual Convention for 1915 
be held in the East at the usual time. (Latter 
part of June). 

Resolved, that the San Francisco meeting be 
officially known as the Panama-Pacific Con- 
vention of the American Institute of Electrical 
Engineers, and that this convention be held 
during the week beginning September 13, 1915. 

Resolved, that the President be authorized to 
appoint the necessary Panama-Pacific Convention 
committees to make all necessary arrangements 
and carry the convention to a successful con- 
clusion. 

It was originally intended that the 
Institute should convene in San Fran- 
cisco in September, 1915, in conjunc- 
tion with the International Electrical 
Congress, which the Institute had 
undertaken to organize under the au- 
thority of the International Electro- 
technical Commission. Тһе Comms- 
sion had also planned a meeting in San 
Francisco in connection with the Con- 
gress. 

The plans for the Congress had pro- 
gressed to a great extent at the out- 
break of the European war, but it then 
became evident to the Executive Com- 
mittee of the Committee on Organiza- 
tion of the Congress that it would be 
advisable to postpone the Congress, 
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owing to the improbability of obtain- 
ing sufficient international representa- 
tion to result in a Congress that would 
be really international in scope, and to 
the fact that it would be impossible 
to convene the International Electro- 
technical Commission, which is a body 
composed of national committees in 
the principal countries throughout the 
world. The Institute’s authority for 
organizing the Congress had been ob- 
tained from the Commission at the 
meeting held in Turin, Italy, in 1911, 
but as it was not possible to obtain any 
official action of the Commission after 
the outbreak of the war, the Executive 
Committee of the Committee on Organ- 
ization of the Congress recommended 
that the Board of Directors of the In- 
stitute adopt resolutions indefinitely 
postponing the Congress, until such 
time as in the opinion of the Institute 
it would be desirable to take steps to 
organize the next International Elec- 
trical Congress in the United States. 
This action was taken by the Board of 
Directors at its October meeting and, 
since then, the money paid in by sub- 
scribers to the Congress has been re- 
funded in full. 

The International Engineering Con- 
gress, dealing with all branches of en- 
gineering, is being organized under the 
auspices of five national engineering 
societies; namely, the American So- 
ciety of Civil Engineers, the American 
Society of Mechanical Engineers, the 
American Institute of Mining Engineers, 
the Society of Naval Architects and 
Marine Engineers, and the American 
Institute of Electrical Engineers, all of 
which are represented upon its Com- 
mittee of Management. This Congress 
is to be held during the week beginning 
September 20, 1915. Тһе advisability 
of holding this Congress in view of the 
European war, was considered by the 
Committee of Management, which 
strongly recommended that the plans 
be carried out, and this recommenda- 
tion was concurred in during October, 
1914, by the governing bodies of the 
five participating societies. 
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The National Electric Light Associa- 
tion is to meet in San Francisco June 8- 
11, 1915, and attention has been called 
to the advantages of holding our An- 
nual Convention in San Francisco at 
approximately the same time, thus 
making possible joint transportation 
and other arrangements, which would 
be convenient for the members of both 
organizations. 

The Constitution of the Institute re- 
quires that the Annual Convention 
shall be held each year prior to August 
1 and, therefore, if the San Francisco 
Convention were held in September, 
it could not be designated as the “ An- 
nual Convention” for 1915. There is 
nothing, however, in the Constitution 
to prevent a special convention being 
authorized in addition to the Annual 
Convention. 

All of the above facts were considered 
by the Board of Directors on December 
11, and it was felt that if the Institute 
should hold its Annual Convention in 
San Francisco in June, no considerable 
number of Institute members, such as 
may be expected to attend an Institute 
convention in San Francisco and to 
visit the Exposition, would go to San 
Francisco a second time in September 
to attend the International Engineer- 
ing Congress, with the result that there 
would be a very limited Institute rep- 
resentation at the Congress. This, it 
was thought, might possibly be con- 
strued by the other societies as indif- 
ference on the part of the Institute to- 
wards the success of the Congress, and 
might even have a tendency to impair 
future relations between the Institute 
and some of the other participating so- 
cieties. 

Furthermore, the Institute's obliga- 
tions as joint host with the other en- 
gineering societies, to the foreign en- 
gineers who attend the engineering con- 
gress, require that the Institute's San 
Francisco convention be held in con- 
junction with the Congressin September. 
It developed at the meeting of Decem- 
ber 11, that the American Society of 
Civil Engineers has already decided to 
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hold its Annual Convention in San 
Francisco during the week preceding 
the Congress; that the American In- 
stitute of Mining Engineers will hold 
its summer convention in conjunction 
with the Congress; and that the Ameri- 
can Society of Mechanical Engineers is 
considering a special meeting at the 
same time. It thus appeared evident 
that there will be a general gathering of 
engineers in San Francisco in Septem- 
ber, not only to attend the meeting of 
the International Engineering Congress, 
but also to attend the various conven- 
tions of the national engineering so- 
cleties as outlined above. 

In view of all these facts, particularly 
with reference to the Institute’s friend- 
ly relations with, and obligations to, 
the other societies, and our moral re- 
sponsibility to cooperate with them 
for the success of the Congress, the 
Board decided to hold the Panama- 
Pacific Convention of the Institute in 
San Francisco during the week begin- 
ning September 13, which is the week 
originally set for the meeting of the 
Institute and the International Elec- 
trical Congress. 


The Work of the Standards 
Committee and Its Capability 
for Usefulness to the Institute 
Members 


The work of the Standards Commit- 
tee of the A. I. E. E. is of great value 
to the profession and to every user of 
electrical power. This work would 
not be possible without the American 
Institute of Electrical Engineers or a 
similar organization; it 15 a very con- 
vincing argument why every electrical 
engigeer should support the Institute 
by joining. Dr. Kennelly has been 
chairman of the Standards Committee 
for the past several years and the follow- 
ing article by him sets forth the work 
of the committee in a very clear manner. 

H. D. JAMES, 
Chairman, Membership Committee. 


The American Institute of Electrical 
Engineers maintains, among its stand- 
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ing committees, а “ Standards Com- 
mittee," which is charged with theim- 
portant duty of maintaining a series of 
Standardization Rules for the benefit 
of the Institute and its members. 

Brief Historical. Outline. The Insti- 
tute in 1891! appointed a standing com- 
mittee on “Units and Standards ” 
which was maintained until 1900, and 
which prepared, among other reports, 
a Table of Standard Copper Wire Re- 
sistances in 18034 In 1898* a new 
standing '' Committee on Standardiza- 
tion " was appointed, which, renewed 
from year to year, has continued to the 
present time. Its first report was pre- 
sented and accepted in June, 1899,* 
covering 14 pages of rules for dynamo- 
electric machinery. This first edition 
of Rules was replaced by a second edi- 
tion adopted іп June, 1902,5 covering 
18 pages. The third edition, of 32 
pages, was adopted in June, 1907,9 at 
which time the title of the committee 
was changed in the constitution to the 
“ Standards Committee." А fourth 
edition of the Rules, with 36 pages, was 
presented and adopted by the Board of 
Directors in June, 19117 Тһе fifth and 
most recent edition, dated December 1, 
1914, was adopted by the Board in 
July, 1914. It covers 96 pages. 

Object of the Rules. The main pur- 
pose hitherto aimed at by the Standards 
Committee in the rules has been to draw 
up engineering definitions of terms, 
phrases, and requirements, relating to 
electrical machinery and apparatus, se 
that the meaning of technical terms 
might be standardized among the mem- 
bers of the Institute. Particular effort 
has been directed towards defining, in 


l. Institute Secretary's Report, May 1891. 
Vol. VIII. 

2. A. I. E. E. Trans., Oct. 1893, Supplement, 
Vol. X. 

3. A. I. E. E. Trans.. Jan. 1898, Vol. ХУ, p. 22. 

4. A. I. E. E. TRANs., June 1899, Vol. XVI. 
pp. 255-268. 

5. А.І.Е.Е. Trans., June 1902, Vol. XIX, 
pp. 1074-1091. 

6. A.I. E. E. Trans., June 1907, Vol. XXVI, 
part 2, pp. 1795-1825. 

7. А.І. E. E. Trans., June 1911, Vol. ХХХ, 
part 2, pp. 1923-1955. 
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engineering terms, the rating of electri- 
cal machinery, and the requirements 
connoted thereby. Although, primarily, 
the object of the Committee is to assist 
the membership of the Institute in ar- 
riving at a precise understanding of the 
technical terms used in electrical en- 
gineering, especially as applied to char- 
acterising the behavior and properties 
of machinery, yet, in so far as the com- 
mittee is able thus to serve the member- 
ship, it also necessarily serves the entire 


electrical industry, including manu- 
facturers, purchasers, technical ad- 
visers, Operators, and consumers. It 


is therefore desirable that the represen- 
tation of electrical interests on the 
Standards Committee should be as wide 
as possible, in order that the needs of 
all classes of electrical workers should 
be adequately presented and mutually 
protected. 

The Standards Committee, like other 
standing committees, terminates its ex- 
istence at the end of each Institute ad- 
ministration year, and is renewed 
through direct annual appointment by 
the incoming President and Board. 
The personnel of the committee thus 
changes from year to year. It has, 
however, hitherto been the practise of 
the Institute to retain а sufficient 
number of members from each pre- 
ceding committee to ensure continuity 
of procedure in the committee work. 

Relations of the Standards Committee 
to other Engineering Bodies. Тһе work 
of the Standards Committee naturally 
brings the committee into contact with 
bodies engaged upon standardization in 
neighboring fields. "Thus, it has for a 
number of years cooperated with the 
Bureau of Standards at Washington, 
D. C. Тһе Bureau has not only been 
continuously represented by опе or 
more of its officers on the Committee, 
but it has also undertaken important 
researches in electrical engineering at 
the request of the Committee. Thus, 
in 1910, the Bureau, at the request of 
committee, made an extensive investi- 
gation into the conductivity of commer- 
cial copper and has since published 
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complete copper wire tables? based оп 
those researches, for the benefit of the 
electrical industry. 

The A. I. E. E. Standards Committee 
has also at different times worked in 
cooperation with Standards Committees 
of the American Society of Mechanical 
Engineers, the Illuminating Engineering 
Society, the Institute of Radio Engi- 
neers, the American Society for Testing 
Materials, the National Electric Light 
Association, the Association of Edison 
Iluminating Companies, and other 
bodies, upon questions of standardiza- 
tion involving work in their respective 
fields. It has been the policy of the 
Committee, under specific instructions 
from the Board of Directors, not to 
standardize in a field overlapping the 
interests of another technical society, 
without consulting that society with a 
view to joint cooperative action. It 
seems likely that such mutual coopera- 
tion between the various American 
engineering societies may become more 
necessary and extensive as time goes 
on. Judging from experience in the 
past, it may be hoped that each engi- 
neering society will maintain its own 
standards committee in such a manner 
that joint meetings may be readily 
possible, for joint purposes, subject to 
the control and authority of the re- 
spective governing boards. In this 
way, a standards committee represent- 
ing the entire engineering force of Amer- 
ica may ultimately be secured for deal- 
ing with general engineering questions. 

International Standardization. The 
conditions which affect the mutual rela- 
tions of different engineering societies 
in America regarding standardization, 
naturally extend themselves interna- 
tionally between corresponding engi- 
neering societies in other countries. 
It becomes impossible to carry stand- 
ardization beyond a very elementary 
stage in any one country, without in- 
fluencing the work and procedure along 
similar technical lines in other countries. 
It therefore becomes desirable to enter 


— 


8. Circular No. 31 of the Bureau of Standards, 
“Copper Wire Tables”. 
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cooperative relations 
engineering societies 
and their standardizing committees 
abroad. Cooperative relations have 
been entered into at different times be- 
tween the A. I. E. E. Standards Com- 
mittee and corresponding committees 
in other countries, to considerable mu- 
tual advantage; but especially through 
the influence of the International Elec- 
trotechnical Commission, an interna- 
tional body engaged in international 
electrical engineering standardization. 
The American Standards Committee 
of the A. I. E. E. was the first national 
committee to formulate and publish 
electrical standardization rules, and 
similar committees have since come into 
existence in various other countries. 
If it is recognized as desirable to define 
electrotechnical terms, phrases, and 
machine properties for one country, 
it becomes all the more necessary to 
bring the various national definitions 
and sets of rules into accord. It is 
neither necessary nor desirable that 
electrical apparatus built in one country 
should conform in structural details to 
that built in other countries; but it is 
surely desirable that the rating, and 
rating terms, employed in specifying 
the behavior of apparatus in different 
countries should correspond, since no 
country can permanently profit by am- 
biguity, in the meaning of its technical 
phraseology, as applied to the physical 
behavior of apparatus. 

The Standards Committee of the 
A. I. E. E. has no direct representation 
on the International Electrotechnical 
Commission (I. E. C.); but it has close 
relations with the U. S. National Com- 
mittee of the I. E. C.. and, through the 
intervention of the latter committee, it 
has been able to present its needs and 
recommendations їо the I. E. C. Va- 
rious rulings of the I. E. C. at past in- 
ternational meetings are now іпсог- 
porated in the latest edition of the 
Rules. 

The Relations of the Standards Com- 
mittee to the Institute Membership. 
The work of its Standards Committee 


into mutually 
with electrical 
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constitutes а distinct asset to the 
Institute, and to the membership. The 
committee meetings usually occur at 
monthly intervals in the New York 
headquarters of the Institute, and are 
well attended, various members fre- 
quently coming from cities as remote as 
Chicago, Boston, Washington, Pitts- 
burgh, etc., in order to attend them. 
Notices of these meetings are communi- 
cated in advance to the Standards Com- 
mittees of other engineering societies, 
and are regularly announced at head- 
quarters. It has been the policy of 
the Committee to welcome representa- 
tives of any engineering society, Section 
of the Institute, or of the A. I. E. E. 
membership generally; so that any mem- 
ber interested in the work has been free 
to attend the meetings, and to obtain 
a hearing, by request, upon any matter 
of sufficient importance to occupy the 
committee’s time. Moreover, frequent 
notices to the members have been issued 
from the A. I. E. E. Secretary’s office 
inviting suggested extensions or amend- 
ments of the Rules. А considerable 
number of such suggestions regularly 
reach either the A. I. E. E. Secretary, 
or the Secretary of the Committee, and 
these receive careful consideration by 
the Committee. It is very desirable 
to secure frequent and copious sugges- 
tions, from the Institute membership 
at large, as to how the Rules operate in 
practise, and how they may be im- 
proved. 

In recent years it has been necessary 
to divide the work of the Committee 
by the appointment of sub-committees 
on special branches of the work. These 
sub-committees meet independently, and 
more frequently than the main com- 
mittee, enlisting the aid and attendance 
of Institute members not actually ap- 
pointed on the Standards Committee. 
In this way, information and guidance 
has been sought and secured іп special 
fields. No one member of the main 
committee can be expected to be fa- 
miliar with all of the branches of the 
Committee's work. 

The Standards Committee is thus a 
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body earnestly devoting its time and 
service to the welfare of the Institute 
membership and of the electrical ¥en- 
gineering industry, in the belief that 
precision in standardization means an 
advance in the ethics, the science, the 
business and the welfare of engineering. 
It is hoped that the membership will 
cooperate with the Committee towards 
making the Rules meet their purpose. 

A. E. KENNELLY, 

Chairman, Standards Committee. 


Directors’ Meeting, New York, 
December 11,1914 


The Board of Directors of the In- 
stitute held its regular monthly meeting 
at Institute headquarters in New York, 
on Friday, December 11, 1914, at 3:30 
p.m. 

There were present: President Paul 
M. Lincoln, Pittsburgh, Pa.; Past-Presi- 
dents Ralph D. Mershon and С. О. 
Mailloux, New York; Vice-Presidents 
H. H. Barnes, Jr., Charles E. Scribner, 
New York, F. S. Hunting, Fort Wayne, 
Ind., Farley Osgood, Newark, N. J.; 
Managers C. A. Adams, Cambridge, 
Mass., J. Franklin Stevens, Philadelphia, 
Ра, Willam В. Jackson and P. 
junkersfeld, Chicago, Ill., L. T. Robin- 
son, Schenectady, N. Y., William Mc- 
Clellan, Bancroft Gherardi and A. S. 
McAllister, New York, John H. Finney, 
Washington, D. C.; Treasurer George 
А. Hamilton, Elizabeth, М. J. and 
Secretary F. L. Hutchinson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $11,312.89 was ratified. 

Upon the petition of Professor Gustav 
Wittig, and the approval of the Sections 
Committee, the organization of a 
Branch at the University of Alabama, 
Tuscaloosa, Ala., was authorized. 

Upon the recommendation of the 
Board of Examiners, the Board of 
Directors transferred five Associates 
to the grade of Member, elected two 
applicants as Members and 47 as 
Associates, and ordered the enrolment 
of 171 students, in accordance with the 
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lists printed in this issue of the 
PROCEEDINGS. 

In response to an invitation from the 
chairman of the Public Lands Com- 
mittee of the United States Senate, 
the President was authorized to appoint 
a special committee to appear at hear- 
ings upon the Ferris bill relating to 
the development of water power, this 
being in accordance with the action 
taken last spring when thc Institute was 
represented by a similar committee at 
hearings upon the same bill before the 
House Committee on Public Lands. 

A communication from the American 
Association for the Adoption of the 
Metric System, soliciting the Institute's 
co-operation, was referred to the Stand- 
ards Committee. 

The President was authorized to 
appoint a Constitutional Revision Com- 
mittee to report at the next meeting 
whether in its opinion any revision of 
the constitution is desirable at the next 
annual meeting. 

А considerable amount of other busi- 
ness was transacted by the Board, 
reference to which will be found under 
appropriate headings іп this and future 
issues of the PROCEEDINGS. 


Research Fellowships atthe 
University of Illinois 


To extend and strengthen the field of 
its graduate work in engincering, the 
University of Illinois has since 1907 
maintained ten Research Fellowships in 
the Engineering Experiment Station. 
These fellowships, for each of which 
there is an annual stipend of $500, are 
open to graduates of approved American 
and foreign universities and technical 
schools. Appointments to these fellow- 
ships are made and must be accepted 
for two consecutive collegiate years, 
at the expiration of which period, if all 
the requirements have been met, the 
Master's degree will be granted. Not 
more than half of the time of the Re- 
search Fellows is required in connection 
with the work of the department to 
which they are assigned, the remainder 
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of the time being available for graduate 
study. 

Nominations to fellowships, accom- 
panied by assignments to special depart- 
ments of the Engineering Experiment 
Station, are made from applications 
received by the Director of the Station 
each year not later than the first day 
of February. These nominations are 
made within the month of February by 
the Station Staff, subject to the ap- 
proval of the Faculty of the Graduate 
School and the President of the Uni- 
versity. Appointments are made in 
March, and they take effect the first 
day of the following September. 
Vacancies may be filled by similar nom- 
inations and appointments at other 
times. | 

Nominations to these fellowships аге 
based upon the character, scholastic at- 
tainments, and promise of success in 
the principal line of study or research 
to which the candidate proposes to de- 
vote himself. Preference is given those 
applicants who have had some practical 
engineering experience following their 
undergraduate work. 

The Engineering Experiment Station, 
an organization within the College of 
Engineering, was established in 1903 for 
the purpose of carrying on investiga- 
tions in the various branches of епрі- 
neering, and for the study of problems 
of importance to engineers and to the 
manufacturing and industrial interests 
of the State. Research work may be 
undertaken in architecture, architec- 
tural engineering, chemistry, civil engi- 
neering, electrical engineering. mechani- 
cal engineering, mining engineering, 
municipal and sanitary engineering, 
physics, railway engineering, and in 
theoretical and applied mechanics. 

The work of the Station 15 closely re- 
lated to that of the College of 
Engineering, and the heads of depart- 
ments in the college constitute the ad- 
ministrative station staff. Investiga- 
tions are carried on by the members of 
the staff and other members of the in- 
structional force of the College of Епрі- 
neering, by special investigators em- 
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ployed by the Station, and by the Ке- 
search Fellows. 


Annual Barbecue of Atlanta 
Technical Societies 


The second annual barbecue of the 
Affiliated Technical Societies of Atlanta, 
Ga., was celebrated on September 19, 
1914, in the grounds of the City Pump- 
ing Station, with some eighty technica 
men in attendance, members of the 
local sections of the following organiza- 
tions: American Society of Civil En- 
gineers, American Society of Mechani- 
cal Engineers, American Institute of 
Electrical Engineers, American Chem- 
ical Society, American Institute of Ar- 
chitects, and the Engineering Associa- 
tion of the South. 

During the course of an old-fashioned 
Georgia barbecue with all the '' trim- 
mings’’, the meeting was called to order 
by Mr. A. M. Schoen, chairman of the 
executive committee of the Affiliation, 
who spoke briefly on the object of the 
meeting and the purpose of the organ- 
ization. Several other short addresses 
were made on topics connected with 
engineering and the relations of en- 
gineers to public affairs. 


— —Ó— — — — 


Past Institute Meetings 


New York.—The 3024 meeting of the 
Institute was held Friday, December 11, 
1914, on the fifth floor of the Engineer- 
ing Societies Building, beginning at 
8:20 p.m. President Paul M. Lincoln 
presided. 

Mr. F. W. Peek, Jr., presented his 
paper on The Effect of Altitude on the 
Spark-Over Voltages of Bushings, Leads 
and Insulators, and was followed by Mr. 
А. O. Austin, who presented his paper 
entitled Insulator Depreciation and Effect 
on Operation, The two papers were 
discussed together by Messrs. H. L. 
Curtis, D. B. Rushmore, E. D. Eby, 
Р. W. Sothman, Selby Haar, Charles 
P. Steinmetz, Farley Osgood, F. W. Peek, 
Jr., and A. O. Austin. 

At the close of the technical session, a 
smoker was held in the adjoining room. 
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Past Section Meetings 


Boston.— November 18, 1914, Chip- 
man Hall. Address by Mr. Henry 
M.. Waite on “Тһе Commission- 
Manager Form of Government and Its 
Relation to the Engineering Profession.” 
Joint meeting with Civil and Mechani- 
cal Engineers. Attendance 350. 


Cleveland.—November 18, 1914, 
Municipal Lighting Plant. Inspection 
trip to municipal lighting plant, and 
address by Mr. F. W. Ballard on епрі- 
necring features of the plant. Attend- 
ance 82. 


November 23, 1914, Chamber of 
Commerce. Subject: Telephony. Pa- 
per: “ The Automatic Telephone—Its 
Operation and Construction," by Mr. 


Arthur Bessey Smith. Attendance 57. 


Detroit-Ann Arbor.—November 27, 
1914, Detroit Engineering босісіу 
rooms. Illustrated paper by Mr. F. 
A. Fishback on “ Some Motor Control 
Problems." Attendance 52. 

December 4, 1914, Detroit Engineer- 
ing Society rooms. Subject: Illumina- 
tion. Paper: "Importance of Direction, 
Quality and Distribution of Light," by 
Mr. M. Luckiesh, illustrated by lantern 
slides. 


Fort Wayne.—November 19, 1914, 
Commercial Club. Address by Mr. E. 
А. Barnes on “Factory Problems." 
Attendance 9. 


Los Angeles.—November 17, 1914, 
Chamber of Commerce. Discussion on 
Report by the Joint Committee on In- 
ductive Interference to the Railroad 
Commission of the State of California. 
Attendance 68. 


December 8, 1914, Chamber of Com- 
merce. Subject: Storage Batteries. 
Papers: (1) “ Lead Storage Batteries." 
by Mr. J. A. Solomon, (2) ‘ Edison 
Storage Batteries," by Mr. J. F. Rogan. 
Attendance 64. 


Lynn.—November 18, 1914, West 
Lynn. Address by Mr. D. A. Capen on 
“ The Manufacture of Crucible Steel.” 
Attendance 248. 
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December 2, 1914, West Lynn. Lec- 
ture by Prof. Elihu Thomson on “ Wire- 
less Telegraphy." The lecture was 
illustrated by numerous lantern dia- 
grams. Attendance 372. 


Minnesota. November 23, 1914, 
Main Engineering Building, University 
of Minnesota. Address by Mr. Е. R. 
Price on the work of the university in 
bringing its facilities to people who 
cannot come to it. Short talk by Prof. 
Shepardson on technical training. Joint 
meeting with Jovian League. Atten- 


dance 100. 


Pittsburgh.— October 21, 1914, Oliver 
Building. Subject: Electric Welding. 
Paper: ' Electric Welding— Kinds and 
Applications," by Mr. C. B. Auel. 
Paper illustrated by lantern slides and 
samples. Attendance 115. 


November 10, 1914, Oliver Building. 
Paper: “Тһе Distribution System of 
a Large Central Station," by Mr. E. C. 
Stone. Paper illustrated by lantern 
slides and motion pictures, explained 
by Mr. D. C. Black. Attendance 101. 


Pittsfield.— November 19, 1014, 
Hotel Wendell. Paper: “ The Mercury 
Vapor Turbine," by Мг. W. L. R. 
Emmet, illustrated by lantern slides. 
Attendance 85. 


Portland.— November 10, 1914. Sub- 
ject: “ Telephony. Paper: “А Tele- 
phone Plant with Relation to Fires,” 
by Messrs. W. D. Scott and G. P. Nock. 
Also illustrated address on ‘ Progress 
in Telephone Plant Construction," by 
Mr. W. D. Scott, and inspection trip 
to Pacific Telephone and Telegraph 
Company's new exchange building. 
Joint meeting with local section of N. E. 
L. A. Attendance 70. 

December 1, 1914. Paper: “А Hy- 


droelectric Development in Spain," by 
Mr. John C. Stevens. Attendance 50. 


Rochester.— November 27, 1914. 
Paper: “ Illumination," by Mr. Е. С. 
Taylor. Attendance 50. 


San Francisco.—November 20, 1914, 
Engineers Club. Symposium on “ Spo- 
radic Insulator Troubles; short papers 
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by Messrs. P. M. Downing, Harris J. 
Ryan, J. E. Woodbridge and J. P. 
Jollyman. Attendance 83. 
Schenectady.— December 1 and 2, 
1914, All Souls Church. [Illustrated 
address by Mr. John B. Taylor on 
" Electrical Musical Instruments." 
Inspection of Choralcelo recently in- 
stalled in the church. Total attendance 


2395. 

December 15, 1914, Edison Club Hall. 
Subject: Abnormal Luminous Mani- 
festations. Papers: (1) “ Lighting and 


Corona," by Mr. E. E. F. Creighton, 
and (2) “ Phosphorescence and Fluores- 
сепсе,” by Mr. W. S. Andrews. Both 
papers were illustrated by experimental 
demonstrations. Attendance 116. 


Seattle.— November 17, 1914, Central 
Building. Paper: “ Repulsion Induc- 
tion Motor,” by Mr. W. M. Strickler. 
Short talks by Messrs. А. A. Miller, 
J. D. Ross, M. T. Crawford, J. R. King, 
J. F. Curtiss and E. A. Loew on “ The 
Breaking-in Period of the Engineering 
Graduate." Attendance 51. 

St. Louis.— November 11, 1914, En- 
gineers Club. Paper: “ Some Practical 
Applications of the Principles of Statis- 
tics," by Mr. Charles S. Ruffner, il- 
lustrated by lantern slides. Attendance 
53. : 

Toledo.— December 2, 1914, Toledo 
Commerce Club. Paper: “ Electric 
Charging Apparatus for the Private 
Garage," bv Mr. J. F. Lincoln. At- 
tendance 19. 


Urbana.— November 20, 1914, Elec- 
trical Engineering Laboratory. Paper: 
“ Theories of Valuation as Developed 
by the New Public Utilities Commis- 


sion," by Mr. R. E. Heilman. At- 
tendance 32. 
Washington.— November 17, 1914, 


Bureau of Engraving and Printing, New 
Building. Inspection of electrical in- 
stallation in the new building for the 
Bureau of Engraving and Printing, in- 
cluding description of the interesting 
features by Mr. E. C. Stanton. At- 
tendance 65. 
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Past Branch Meetings 


University of Cincinnati.— November 
19, 1914, Engineering College. Paper: 
“А Meterman’s Troubles,” by F. H. 
Obserschmidt. Attendance 40. 

December 3, 1914. Paper: ‘ Elec- 
tricity Commercialized,” by А. A. 
Campbell. Attendance 55. 

University of Colorado.— November 
12, 1914, Boulder, Colo. Address by 
Mr. E. L. Siekmann on “ Electrical 
Merchandising." Att-ndance 43. 

December 10, 1914, Boulder, Colo. 
Address by Mr. A. W. Hahn on '' Or- 
ganization and Management."  Atten- 
dance 38. 

Colorado State College.— November 
20, 1914, Electrical Building. Dis- 
cussion of the Standardization Rules of 
the A. I. E. E. by Professor Rankin. 
Attendance 12. 

Iowa State College.—November 17, 
1914, Ames, Iowa. Moving pictures 
showing the manufactur2 of small in- 
duction motors by the General Electric 


` Company. Prof. F. D. Paine explained . 


the various processes. Attendanc> 51. 

University of Kentucky.— November 
25, 1914, Mechanical Hall. Paper: 
" Development of Power at Niagara 
Falls," by N. E. Philpot. Attendanc? 27. 

December 9, Mechanical Hall. Paper: 
“Railway Motors and Control," bv 
M. W. Arthur. Attendance 36. 

Lafayette — College.— December 2, 
1914, Pardee Hall. Papers: (1) “ Edi- 
son Storage Battery, (2) '' Gasoline- 
Electric Саг,” and (3) " Electrical 
Ignition for Gasoline Motor Cars. " 
Attendance 21. 

December 9, 1914, Pardee Hall. 
Papers: (1) “ Tesla or High-Frequency 
Currents,” (2) “Тһе Present and 
Future of the Gas Turbine," and (3) 
“ The New Generators at Station Al in 
Philadelphia." Attendance 21. 

December 16, 1914, Pardee Hall. 
Papers: (1) ‘‘ Insulator Depreciation 
and Effect on Transmission," (2) ' The 
Cost of a Kilowatt-Hour," and (3) 
" Direct - Current Corona ". Atten- 
dance 21. 
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University of Maine.—Novcmber 6, 
1914, Lord Hall. Election of officers 
as follows: chairman, H. H. Beverage; 
vice-chairman, H. W. Coffin; secretary, 
W. E. Bowler; Treasurer, M. R. Mc- 
Kenney. Attendance 17. 

November 6, 1914, Hannibal Hall. 
Address by Mr. E. J. Wilson on “ The 
Student Electrical Engineer and His 
Problems." Attendance: 30. 


University of Missouri.— November 
24, 1914, Enginecring Building. Paper: 
“ Electric Cooking," by P. W. Gumaer. 
Attendance 21. 

December 8, 1914, Engincering Build- 
ing. Paper: “ Electricity on the 
Farm," by O. R. Allgeier. Attendance 
15. 


University of North Carolina.—Octo- 
ber 28, 1914, Chapel Hill. Election of 
officers as follows: chairman, P. H. 
Daggett; secretary, J. W. Mclver. 
Attendance 30. 

November 13, 1914, Chapel Hill. 
Papers: (1) “Тһе Education of the 
Electrical Engineer," by Р.Н. Daggett, 
(2) “ Electrical Equipment of a Modern 
Battleship." Attendance 30. 

December 11, 1914, Chapel Hill. 
Papers: (1) ''Development of the 
Mazda Lamp." (2) “Тһе Corona in 
Direct-Current Circuits." Attendance 
25. 

North Carolina Agricultural and Me- 
chanical College.— November 17, 1914, 
West Raleigh. Illustrated addresses by 
Messrs. D. С. McArn, A. C. Fluck, 


D. H. Hill, and G. M. Carter. At- 
tendance 36. | 
December 8, West Raleigh. Experi- 


mental demonstration of the effects of 
the physical constants of electric circuits 
given by Mr. Н. M. Alexander. At- 
tendance 33. 

Ohio Northern University.— Novem- 
ber 18, 1914, Hill Memorial. Address 
on “ Conductivity Test" by Mr. 
Kitaif, and “ Homopolar Machines," 
by Prof. E. B. Thurston. Attendance 23. 

University of Oklahoma.— October 
21, 1914, Norman. Papers: “ The 
A. I. E. E. and Its Work," by H. V. 
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Bozell, and ‘ Transformer Construc- Personal 

tion," by L. W. W. Morrow. Election === 

of officers as follows: chairman, Clarence Mr. JOHN FRANCIS WARREN was 


Karcher; vice-chairman, Homer Liver- 
good; secretary, W. М. Уегпог; treas- 
urer, Randal Clark. Attendance 9. 

November 18, 1914, Norman. Papers: 
" Men Who Made the Electrical Engi- 
neer Possible," by Clarence Karcher, 
and ^''2400-volt Electric Railroad,” 
by M. C. Oakes. Attendance 14. 

Rensselaer Polytechnic Institute.— 
November 23, 1914, Sage Laboratory. 
Paper: “ Construction and Application 
of the Oscillograph," by F. M. Sebast 
Attendance 37. 


Rose Polytechnic Institute.— Decem- 


ber 8, 1014. Address by Mr. Dunn on 
“ Automatic Telephones." Attendance 
15. 


University of Texas.—November 19, 
1914. Election of officers as follows; 
chairman, J. M. Bryant; secretary and 
treasurer, J. A. Carrell. Attendance 8. 


Agricultural and Mechanical College 
of Texas.—November 20, 1914, Elec- 
trical Engineering Building. Papers: 
“ Brushes," by А. Dickic, and “ Sub- 
marine Signaling,” by E. N. Hogue. 
Attendance 40. 

Washington University.— November 
2, 1914, St. Louis. Illustrated lecture 
on “ The Industrial Safety-First Move- 
ment." Joint meeting with A. 5. M. 
E. Branch. Attendance 52. 


University of Washington.— D-c-m- 


ber 8, 1914, Good Roads Building, 
Seattle. Papers: (1) “ Development of 
Railway Signal Practise,” bv S. J. 
Turreff, and (2) ‘ Distribution of 


Electric Power," by M. T. Crawford. 
Attendance 35. . 

Worcester Polytechnic Institute.— 
December 11, 1914. Paper: “ Engi- 
neering and Politics in a City of the First 
Class," by Leonard Day. Attendance 
60. 

Yale University.— November 12,1914, 
New Haven. Paper: ' Electricity in 
the Navy," by C. S. McDowell. At- 
tendance 95. 


recently appointed by the Borough 
Council of Napier, New Zealand, to 
the position of Civil and Electrical 
Engineer to the Borough. 


Mr. C. W. CoLvIN has been ap- 
pointed Transmission Engineer of the 
British Columbia Electric Railway 
Company, and is now in charge of the 
high-tension lines and telephone system 
of the company. 


Mr. W. N. 5мітн. having completed 
his work as consulting engineer to the 
San Francisco-Oakland Terminal 
Railways of Oakland, California, has 
returned East. His address for the 
present is 205 Ten Eyck Street, Water- 
town, N. Y. 


Mr. DANIEL W. MEAD, consulting 
engineer, of Madison, Wis., who has 
been away from the United States dur- 
ing the past summer as a member of 
the American National Red Cross Board 
of Engineers, Chinese River Conser- 
vancy, has returned and is prepared 
to make examinations, reports, plans 
and specifications for water power, 
water supply, flood protection, drain- 
age, irrigation, power plants and power 
transmission installations. 


— — — 


Мк. RopoLrFo Вотн, a consulting 
engineer of Buenos Aires and Professor 
at the National Universitv of La Plata, 
is at present visiting this country, with 
headquarters at 100 West 80th Street, 
New York City. Mr. Roth is a gradu- 
ate of Cornell University and has in 
the past been superintending engineer 
for the Cia. de Iluminacion y Ornato 
of Buenos Aires, Ist assistant to the 
manager of the Buenos Aires branch 
of the General Electric Company, and 
later manager of the machinery de- 
partment of Buxton, Cassini and Com- 
pany of the same city. Mr. Roth is 
familiar with trade conditions in Ar- 
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gentina, and will be glad to meet 
American manufacturers seeking іп- 
formation on the subject. 


Obituary 

CHARLES E. HANSELL, assistant man- 
ager of the Esterline Company, of 
Indianapolis, Ind., died on November 
25, 1914, as the result of injuries received 
in an automobile accident on the after- 
noon of the day before. Mr. Hansell 
was on his way home from his office 
when his automobile was struck by a 
street car. Mr. Hansell was born in 
Medaryville, Ind., 31 years ago. Не 
was graduated from the electrical en- 
gineering department of Purdue Uni- 
versity in 1907, and shortly afterward 
entered the employ of the Western 
Electric Company at Chicago. Later 
he was electrical engineer of the Duncan 
Electric Company, La Fayette, Ind., 
and three years ago became connected 
with the Esterline Company, then at 
La Fayette, as assistant manager and 
instrument engineer. He was recog- 
nized as an authority on electrical in- 
struments and meters. Mr. Hansell 
was elected an Associate of the In- 
stitute on November 10, 1911, and was 
transferred to the grade of Member on 
February 14, 1913. 

JOSEPH EDWARD Ротмам, of Roches- 
ter, N. Y., assistant City Engineer, in 
charge of City  Engineer's Testing 
Laboratory, died on December 9, 1914, 
at the age of 54. Не was born in Ro- 
chester, and educated in the public 
schools of that city. After several 
years of experience with the Western 
Electric Company in New York, the 
Central Union Telephone Company in 
Indiana and Illinois, and the Postal 
Telegraph Company in La Porte, Ind., 
Mr. Putnam taught for one year in 
physics at the University of Michigan. 
Afterward he was a contractor and later 
consulting electrical engineer in Ro- 
chester, prior to beginning his work for 
the city. Mr. Putnam was elected an 
Associate March 27, 1903. А son, 
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Joseph Franklin Putnam, also an As- 
sociate of the Institute, is head of the 
department of physics in St. Johns 
University, Shanghai, China. 


u 2; — 
Transferred to the Grade of 
Member December 11,1914 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board of 
Directors on December 11, 1914. 


ATKINSON, RALPH WALDO, Asst. to 
Chief Engineer, Standard Under- 
ground Cable Co., Perth Amboy, 
N. J. 

Натсн, EDWIN GLENTWORTH, Electri- 
cal and Mechanical Engineer, New 
York, М.Ү. 

Jones, EDWARD Crossy, Electrical En- 
gineer, c/o Crocker-Wheeler Co., 
Ampere, N. J. 

MIDDLETON, W. IRVING, Electrical En- 
gineer, Testing Dept., Simplex Wire 
& Cable Co., Cambridge, Mass. 

MITCHELL, Guy K., Proprietor, Stand- 
ard Electric & Elevator Co., Balti- 
more, Md. 


— — — — — 


Members Elected December 
11, 1914 


CLEWELL, С. E., Asst. Prof. Elec. Engg., 
University of Pennsylvania; res., 
4919 Osage Ave., Philadelphia, Pa. 

THOMSON, ROBERT Doucvas, Asst. 
Professor of Electrical Engineering, 
University of Vermont, Burlington, 
Vt. 


Associates Elected December 
11, 1914 


АҮҮА, D. VISVANATH, Shift Engineer, 
Power Station, Electricity Depart- 
ment, Hyderabad, Deccan, India. 

BAHM, JOHN F., Construction Foreman, 
Construction Dept., General Electric 
Co., Schenectady, N. Y. 

BEASLEY, THOMAS E., Assistant Sales 
Manager, American Engine and Elec- 
tric Co., Bound Brook, N. J. 

BucKLEy, J. V., Testman, General Elec- 
tric Co.; res., 108 Park Place, Schen- 
ectady, N. Y. 
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CAPEN, WILLIAM HENRY, Western Elec- 
tric Co.; res., 604 23rd St. Y. M. C. 
A., New York, N. Y. 

CoTTLE, GEORGE T., President, А. А. 
Wire Co., Inc., 48 Nesbitt St., New- 
ark, М. J. 

CRABTREE, ARDEN D., Operating Dept., 
Lock 12 Hydro-Electric Plant, Ala- 
bama Power Co., Clanton, Ala. 

CRAIG, С. W., JR., Chief Clerk, Phila- 
delphia Repair Dept., General Elec- 
tric Co.; res., 902 N. Fallon St., 
Philadelphia, Pa. 

Cram, W. C., JR, Superintendent of 
Construction, Alabama Power Co., 
Birmingham, Ala.; res., Raleigh, N.C. 

Dixon, Amos F., Executive head of 
Telegraph Development Branch, West- 
ern Electric Co., New York, N. Y.; 
res., 327 М. 7th St., Newark, М. J. 


EDGAR, GRANT E., Assistant Electrical 
Engineer, Electric Boat Co., Groton; 
res., 16 Nathan HaleSt., New London, 
Conn. 


ELDREDGE, MARK, Deputy Chief Engr., 
Tata Hydro-Elec. P. S. Со. Ltd.; 
res., A16 Mt. Pleasant Rd., Malabar 
Hill, Bombay, India. 

*FELTON, JOHN G., Engineer, Fulton 
County Gas & Electric Co.; res., 107 
Third Ave., Gloversville, N. Y. 

FIELD, FRANK E., Instructor in Elec- 
trical Engineering, Pennsylvania 
State College, State College, Pa. 


FLACCUS, George W., Student, Uni- 


versity of Pittsburgh; res., 208 S.' 


Negley Ave., Pittsburgh, Pa. 


*FREUND, OTTO ALBERT, Engineering 
Dept., American Telephone & Tele- 
graph Co., 15 Dey St., New York, 
М.Ү. | 

*Gisson, А. D., Local Manager, Cen- 
tral Iowa Light & Power Co., Rock- 
well City, Iowa. 

GRISWOLD, SAMUEL A., Engineering 
Salesman, Hart Mfg. Co., Hartford; 
res., 63 Hartford Ave., Wetherfield, 
Conn. 

Rate 

res., 


*HEINTZE, Emit C., Electrical 
Clerk, City Lighting Dept.; 
343 W. 76th St., Seattle, Wash. 
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HERING, C. P., Consulting Elec. Engr., 
Board of Public Utility Commis- 
sioners, Manila, P. I. 

HERSOM, FRED C., Electrical Engineer- 
ing Dept., C. H. Tenney & Co., 201 
Devonshire St., Boston, Mass. 

Нсахо, S. V., Student, Engr., Testing 
Dept., General Elec. Co., res., 27 
Barrett St., Schenectady, N. Y. 

HucHEss, Epwarp C., Construction 
Engineer Providence Telephone Co., 
res., 34 Corinth St., Providence, R. I. 

IVENS, JOHN, Telephone Engineer, 
Plant Dept., American Telephone & 
Telegraph Co., 24 Walker St., New 
York, N. ¥. 

JACOBSON, Moses, Draftsman, 145 W. 
123га St., New York, N. Y. 

JOHNSTON, RALPH A., Switchboard 
Sales Div., D. 6. S. Dept., Westing- 
house Elec. & Mfg. Co., E. Pittsburgh 
Pa. 

KoERBER, GEORGE A., Professor of 
Electrical. Engineering, Delaware 
College, Newark, Del. 

Koo, K. P., Standardizing Laboratory, 
General Electric Co., Schenectady, 
N. Y. 

*LOEF, JOSEPH W., Northern Texas 
Traction Co., Handley; res., 109 St. 
Louis Ave., Ft. Worth, Texas. 

Lyte, F. W., Research Laboratory, 
General Electric Co., Lynn, Mass. 

Lyon, JESSE DAUGHERTY, Consulting 
Engineer, Union Central Bldg; res., 
3265 Menlo Ave., Cincinnati, O. 

NicoL, D. S., Electrical 
Shawinigan Water & Power 
Montreal, Quebec. 

NORGREN, CARL А., Charge of Dept. of 
Engineering, Fairbanks, Morse & 
Co.; res., 3012 Marey St., Omaha, 
Nebr. 


Engineer, 
Co., 


*PARKER, KARR, Electrical Engineer, 
McCarthy Bros. & Ford, 41 Eagle 
St., Buffalo, N. Y. 

*RaAB, HARRY F., Draughtsman, Elec- 
trical Dept., Cambria Steel Co.; res., 
100 Union St., Johnstown, Pa. 

Lock 12 

Alabama 


REID, WALKER, Operator, 
Hydro-Electric Plant, 
Power Co., Clanton, Ala. 
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ScHunic, О. R., Instructor in Electrical 
Engineering, Massachusetts  Insti- 
tute of Technology, Boston, Mass. 

SMITH, M. А., JR., Instructor in Elec- 
trical Engineering, Trinity College, 
Durham, N. C. 

STEINBERG, E. J., Assistant Engineer, 
Railroad Commission of Wisconsin, 
206 Stephenson Bldg., Milwaukee, 
Wis. 

TALBOT, HERBERT LESLIE, Chief Opera- 
tor, P. E. & E. Ry. Substations, 
Oswego, Ore. 

TAYLOR, М. S., Switchboard Specialist, 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 

THoMas, H. C., Sales Engr., Westing- 
house Elec. & Мір. Co., E. Pitts- 
burgh; res., Clover Club, Edgewood 
Park, Pittsburgh, Pa. 

TUCKER, FRANK М., Electrical Engineer 
Ilg Electric Ventilating Co.; res., 
551 E. 40th St., Chicago, Ill. 


WESTERWICK, AucUsT, Electrical Re- 
pairman, Southern California Edison 
Co., Los Angeles, Cal. 


*WILLMORE, Н. E., JR., Draughtsman, 
Engg. Dept., Western Electric Co.; 
res., 1225 S. Harding Ave., Chicago, Ill. 


Woo, T. Y., Student Engineer General 
Electric Co., res.. 27 Barrett St., 
Schenectady, N. Y. 

ZIEGLER, C. E., Service Dept., West- 
inghouse Electric & Mfg. Co., 768 
Ellicott, Sq., Buffalo, N. Y. 

Total 47. 


*Former enrolled Students. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Апу 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before January 31, 1915. 
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Адат, Е. М., Melville, Mont. 
Allen, J. W. (Member), New Castle, Ра. 
Armstrong, J. W. F., San Francisco, Cal. 
Arsem, W. C., (Member) Schenectady, 
N. Y. 
Benz, C. D., Los Angeles, Cal. 
Bliem, H. M., San Antonio, Texas 
Bosshart, Н. J., Nevada City, Cal. 
Bradley, Н. H., Kern River, Cal. | 
Butlin, C. A., New York, М. Y. 
Carpenter, D.E. (Member), Scranton, Pa. 
Case, С. D., Chicago, ПІ. 
Chaney, L. P., Texas City, Tex. 
Clark, J. R., Rochester, М. Y. 
Coney, A. E., San Francisco, Cal. 
Couper, H. W., St. Louis, Mo. 
Covey, G. S., Spokane, Wash. 
Coward, O. L., Seattle, Wash. 
Crockett, A. S., Lynn, Mass. 
Crosby, G. L., New York, N. Y. 
David, B. W., Cleveland, O. 
Davis, Е. W., Cambridge, Mass. 
Deans, W., Jr., Ithaca, N. Y. 
de la Rosa, J. C., New York, N. Y. 
Edgecomb, H. R., E. Pittsburgh, Pa. 
Eichelberger, C. G., Cincinnati, O. 
Eilers. H., New York, N. Y. 
Emrick, P. S. (Member), Lafayette, Ind. 
Euler, H. J., New York, N. Y. 
Fickel, G. R., E. Pittsburgh, Pa. 
Fitz, A. E., New Hartford, Conn. 
Fujta, T., Shanghai, China. 
Gardiner, G. K., Portland, Ore. 
Geiger, J. M.. Gatun, C. Z. 
Ghose, M., Schenectady, N. Y. 
Graham, E. B., E. Pittsburgh, Pa. 
Greenleaf, M. C., Monroe, Mich. 
Griswold, L. E., Pittsburgh, Pa. 
Grower, R. W., Syracuse, N. Y. 
Gruen, E. C., Atlanta, Ga. 
Guillou, А. V., Los Angeles, Cal. 
Harden, W. H., New York, N. Y. 
Hardy, N. G., Clifton, Ariz. 
Heald, W. S., Keokuk, Iowa. 
Heising, R. A., New York, N. Y. 
Herrman, H., Ft. Wayne, Ind. 
Hill, W. C., Pittsburgh, Pa. 
Hosfeld, D. C.. Wilmington, Del. 
Hovland, H., New York, N. Y. 
Howe, J. W., Cedar Rapids, Iowa. 
Israel, -L. L., New York, N. Y. 
Keller, L. M., Rochester, N. Y. 
Knight, I. W., Boston, Mass. 
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Leipoldt, E. V., New York, М. Y. 
Lennon, R. J., Jr., Rochester, N. Y. 
Leonard, k. R., Boulder, Colo. 
Manley, R., Chicago, Ill. 

Maurice, R., Selkirk, Man. 
McBride, F. R., Portland, Ore. 


McDonald, G. R., San Francisco, Cal. 


McKenzie, D. А., Toronto, Ont. 
McNair, J. S., Spokane, Wash. 
Melcon, Z. P., Big Creek, Cal. 
Melillo, R., New York, N. Y. 
Meyer, J. W., Philadelphia, Pa. 
Miller, H. N., Detroit, Mich. 
Moore, L. J. (Member), Fresno, Cal. 
Nelson, М. C., Seattle, Wash. 

Olds, R. R., Belding, Mich. 

Pearl, A. S., Chicago, Ill. 


Phipps, A. H. C., Goldstream, B. C. 


Pratt, H. B., Pittsburgh, Pa. 
Ripley, C. S., Cleveland, O. 
Ransom, L. L., New York, N. Y. 
Rock, C. R., Binghamton, N. Y. 
Rogers, A. L., New York, N. Y. 
Rooker, G. N., Sandpoint, Idaho 
Rosch, S. J., Bayonne, N. J. 

Ruff, A. G., Philadelphia, Pa. 
Sampson, E. R., E. Pittsburgh, Pa. 
Schenck, C., Milwaukee, Wis. 
Schumann, J. H., Detroit, Mich. 
Seltzer, D., E. Pittsburgh, Pa. 
Service, J. H., Stephen, Minn. 
Sheppard, H. S., Ann Arbor, Mich. 
Shire, W. J., New York, N. Y. 
Shuey, O. R., Piedmont, W. Va. 
Simon, R. J., E. Pittsburgh, Pa. 
Slingman, T. D., Detroit, Mich. 
Smith, C. D., Newark, N. J. 

Smith, R. H., Altoona, Pa. 

Snow, W. J., New York, N. Y. 
Soengen, G. W., Kirkwood, Mo. 
Stauffacher, E. R., Los Angeles, Cal. 
Stengel, C.. Wolseley, Sask. 
Stephens, R. E., Follansbee, W. Va. 
Stevens, P. S., St. Louis, Mo. 
Story, R. A., Vancouver, B. C. 
Tanaka, T., Tokyo, Japan 
Thomas, W. R., Wenatchee. Wash. 
Tillotson, С. C., Butte, Mont. 


Werwerth, О. (Member), Milwaukee, 


Wis. 
Whipple, C. A., Hillsboro, Tex. 
Whitaker, D. A.. Evanston, Ill. 
White, W. C., Memphis, Tenn. 


Widdows, В. G., New York, N. Y. 
Wilke, R. C., Milwaukee, Wis. 
Wilson, A. W., 3rd, Philadelphia, Pa. 
Wilson, E. W. (Member), Panama, R.P. 
Wyatt, F. D., New York, N. Y. 
Zima, L. A., New York, N. Y. 

Total 110. 


Students Enrolled December 
11, 1914 
6858 Packer, L. C., Ohio State Univ. 
6859 Wilson, J. E., Ohio State Univ. 
6860 Harter, L. J., Ohio State Univ. 
6861 Brown, R. Q., Univ. of Wash. 
6862 Baer, H. E., Univ. of Wash. 
6863 Palmer, G. S., Univ. of Wash. 
6864 do Amaral, J. P., Ohio Northern 
Univ. 
6865 Fong, G. Y., Mass. Inst. Tech. 
6866 Meyer, C. P., Univ. of Missouri 
6867 Zindel, К. C., Univ. of Pittsburgh 
6868 Kratzert, G. M., Univ. of Pitts. 
6869 Dana, Н. J., Wash. State College 
6870 Dingledine, R. K., Ohio St. Univ. 
6871 Savage, E. W., Univ. of Toronto 
6872 das Neves, J. G. F., Ohio Northern 
University 
6873 Bussiere, А., Ohio Northern Univ. 
6874 Whelan, J. M., W. Virginia Univ. 
6875 Summers, H. S., W. Virginia Univ. 
6876 Walker, C. L., W. Virginia Univ. 
6877 Schramm, H.C., W. Virginia Univ. 
6878 Schaffer, W., W. Virginia Univ. 
6879 Adams, C. S., W. Virginia Univ. 
6880 Hormell, D. O., W. Va. Univ. 
6881 Huffman, C. R., W. Va. Univ. 
6882 Madigan, F., W. Va. Univ. 
6883 Riheldaffer, W. A.. W. Va. Univ. 
6884 Wilcoxen, M., W. Va. Univ. 
6885 Kirk, I. M., Iowa State College 
6886 Nagle, C. F., Iowa State College 
6887 Seeds, E. C., Iowa State College 
6888 Godown, E., Iowa State College 
6889 Kenneally, M. M., Iowa St. Coll. 
6890 Jones, M. F., Univ. of Arkansas 
6891 Dunn, J. H., Univ. of Arkansas 
6892 Hopper, D. C., Univ. of Arkansas 
6593 Bell, J. E., Univ. of Arkansas 
6894 Malone, R. G., Ga. School Tech. 
6895 Duerr, L. C., Univ. of Pittsburgh 
6896 Shepard, J. А., Stanford Univ. 
6897 Guy, R. W., McGill University 
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6898 
6899 
6900 
6901 
6902 
6903 
6905 
6906 
6907 
6908 
6909 
6910 
6911 
6912 
6913 
6914 
6915 
6916 
6917 
6918 
6919 
6920 
6921 
6922 
6923 
6924 
6925 
6926 
6927 
6928 
6929 
6930 
6931 
6932 
6933 
6934 
6935 
6936 
6937 
6938 
6939 
6940 
6941 
6942 
6943 
6944 
6945 
6946 
6947 
6948 
6949 
6950 
6951 
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Smith, H. E., Armour Inst. Tech. 
Noyes, B., Jr., W. Va. Univ. 
Sydenstricker, C. R., W. Va. Univ, 
Dean, D. M., W. Va. Univ. 
Nelson, M. C., W. Va. Univ. 
Harper, H. M., W. Va. Univ. 
Seckman, J. К., W. Va. Univ. 
Newell, J. H., Ohio North. Univ. 
Cone, W. L., Stanford University 
Patterson, G. R., Univ. of Pitts. 
Reid, W. E., Columbia Univ. 
Wilson, G. M., Purdue Univ. 
Lam, N., Purdue Universitv 
Wright, B. S., Purdue University 
Holman, H. R., Purdue Univ. 
Fisher, H. H., Purdue Univ. 
Flora, J. H., Kans. St. Agri. Coll. 
Usselman, G.L.,Kans.St. Agri.Coll. 
Knowles, T.R., Kans. St. Agri.Coll. 
Fell, S. G., Kans. St. Agri. Coll. 
Tate, D. C., Kans. St. Agri. Coll. 
Baker, R. G., Kans. St. Agri. Coll. 
Archer, C. L., Kans. St. Agri. Coll. 
Hooker, C. А., Kans. St. Agri. Coll 
Goudy, M., Kans. St. Agri. Coll. 
Hultgren, C.D., Kans.St.Agri.Coll. 
Deal, W. E., Kans. St. Agri. Coll. 
Cook, W. A., Univ. of Pittsburgh 
Azevedo. F. J., Ohio North. Univ. 
Slater, H..C., Yale University 
Stortz, R., Pratt Institute 
Haggott, W. S., Univ. of Illinois 
Trautman, D.L., Carnegie In.Tech. 
Headings, W.W.,Carnegie In.Tcch. 
Bare, L. M., Wash. University 
Lieber, C. A., Wash. University 
Dorfman, L., Univ. of Texas 
Fritz, Н. R., Univ. of Texas 
Ayus, W. F., Univ. of Texas 

v. Blucher, R. À., Univ. of Texas 
Bailey, C. L., Univ. of Texas 
Smith, E., Univ. of Texas 
Thompson, R. P., Univ. of Texas 
Delhomme, L. K., Univ. of Texas 
Mead, А., Univ. of Michigan 
Guilbault, R. B., Univ. of Mich. 
Skwor, L. E., Univ. of Michigan 
Gardella, À., Univ. of Michigan 
France, W. H., Univ. of Mich. 
Stecher, H. D.. Univ. of Mich. 
Howell, G. H.. Univ. of Mich. 
Raemsch, W. P., W. Va. Univ. 
Curtis, R. E., Mass. Inst. of Tech. 


6952 
6953 
6954 
6955 
6956 
6957 
6958 
6959 
6960 
6961 
6962 
6963 
6964 
6965 
6966 
6967 
6968 
6969 
6970 
6971 

6972 
6973 
6974 
6975 
6976 
6977 
6978 
6979 

6980 

6981 

6982 

6983 

6984 

6985 

6986 

6987 

6988 

6989 

6990 

6991 

6992 

6993 

6994 

6995 

6996 

6997 
6998 
6999 

7000 
7001 
7002 
7003 

7004 
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Watters, А. С., Columbia Univ. 
Friedenthal,C.G.F., Univ. of Wash. 
Loomis, W. J., Kans. St. Agri. Coll. 
Smith, G. B., Jr., Univ. of N. C. 
Joyner, W. H., Univ. of N. C. 
Miller, C., Univ. of N. C. 
Elsom, F. H., Univ. of N. C. 
Chu, Y. M., Mass. Inst. of Tech. 
Mizushi, F. M., Cornell Univ. 
Cole, I. E., Cornell Univ. 
Graham, R. W., Cornell Univ. 
Robbins, F. J., Cornell Univ. 
Dedlow, C., Cornell University 
Homan, А. G., Cornell Univ. 
Hukill, H. D., Cornell University 
Insull, W., Cornell University 
Sharp, H. M., Cornell Univ. 
Cobb, H. E., Cornell Univ. 
Yang, S. Z., Cornell Univ. 
Krouse, R. L., Cornell Univ. 
Cox, W. R., Cornell Univ. 
Frazer, L. S., Cornell Univ. 
Sutcliffe, H. T., Cornell Univ. 
Millard, E. H., Cornell Univ. 
Anderson, R. А., Cornell Univ. 
Aguilua, А. B., Cornell Univ. 
Newman, J. H., Cornell Univ. 
Rees, L. D., Cornell Univ. 
Mulford, A., Cornell University 
Blackburn, H. C., Cornell Univ. 
Kramar, D. G., Cornell Univ. 
Wiley, F. H., Cornell Univ. 
Bown, R., Cornell University 
Fowler, T. F., Cornell Univ. 
Lopez, C. S., Cornell Univ. 
Phillips, V. B., Cornell Univ. 
Sperry, E. G., Cornell Univ. 
Homer, E. C., Cornell Univ. 
Corwith, H. P., Cornell Univ. 
Motokawa. I., Cornell Univ. 
Woodward, А. C., Cornell Univ. 
Wightman, R. J., Cornell Univ. 
West, A. W., Cornell Univ. 
Smith, B., Cornell University 
Mochrie, R., Cornell University 
Bracho, M., Cornell Univ. 
Philippi, C. A., Cornell Univ. 
Annexy, J., Jr., Cornell Univ. 
Valdes, J. M., Cornell Univ. 
Royce, K. P., Cornell Univ. 
Wiley, H. W., Cornell Univ. 
Rice, W. H., Cornell Univ. 
Moore, J. H., Cornell Univ. 
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7005 Stotz, J. K., Cornell Univ. 
7006 Woodbury, N. B., Cornell Univ. 
7007 Davidson, B. G., Cornell Univ. 
7008 Green, W. S., Cornell Univ. 
7009 Maenak, W., Cornell Univ. 
7010 Siler, L. N., Cornell Univ. 

7011 Smith, H. H., Cornell Univ. 
7012 Thompson, Н. A., Univ. of Pitts. 
7013 Keeler, H. F., Highland Park Coll. 
7014 Frapwell, H. L., Ohio North. Univ. 
7015 Peaslee, O. M., Iowa St. College 
7016 Pearce, G. T., Iowa St. College 
7017 Harpel, G., Iowa State College 


Пап. 


7018 Bureau, Е. A., Purdue Univ. 
7019 Mertz, С. J., Purdue University 
7020 Glossop, G. E., Purdue Univ. 
7021 Plapp, E. B., Purdue University 
7022 Powell, C. D., Ohio St. Univ. 
7023 Montgomery, F. G., Yale Univ. 
7024 Wells, G. R., Univ. of Wisconsin 
7025 Stone, C. H., Univ. of Wisconsin 
7026 Erickson, C. J., Univ. of Cal. 
7027 Nilsen, P. J., Univ. of Illinois 
7028 Johnson, С. А., Ohio St. Univ. 
Total 171. 


EMPLOYMENT DEPARTMENT 


NoTE: Under this heading brief announcements of vacancies, and men avail- 


able, will be published without charge to members. 


Copy should be prepared 


by the member concerned and should reach the Secretary's office prior to the 


20th of the month. 


Announcements will not be repeated except upon request re- 


ceived after an interval of three months; during this period names and records 


wil remain in the office reference files. 


All replies should be addressed to the 


number indicated in each case, and mailed to Institute headquarters. 
The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 
V-54. Foreman Electrician. A large 
electrical manufacturing company, 
located in Massachusetts, has an 


opening for an electrician to keep up 
repairs of electrical apparatus in the 
shop plant. He would have the work 
of repair оп 110-220-volt a-c. lighting 
circuits, 550-volt two-phase motor cir- 


cuits, transformers and 2300-volt two- : 


phase power circuits; also disconnect- 
ing and reconnecting apparatus 
moved to different places in the factory. 
Would have about fifteen men in his 
charge. Fifty-five hours and $25 per 
week. 


The United States Civil Service Com- 
mission announces an open competitive 
examination for electrical draftsman 
on February 3 and 4, 1915, at many 
places throughout the United States 
mentioned in Circular No. 62, issued 
December 19, 1914, which gives full in- 
formation and may be obtained by 
addressing the Commission at Wash- 
ington, D. C. From the register of 
eligibles resulting from this examination 
certification will be made to fill vacan- 
cies іп this position as they may occur 
at United States Navy Yards and naval 
establishments or in the Department 
at Washington, D. C., at entrance 
salaries ranging from $3.52 to $5.52 
per diem, unless it is found to be in the 


interest of the service to fill any va- 
cancy by reinstatement, transfer or 
promotion. 

The duties of this position require 
the origination and supervising prep- 
aration of electrical installation plans 
aboard ship, power, lighting, interior 
communication, radiotelegraphy, the 
designing of switchboards, writing up 
specifications for apparatus, estimating, 
checking plans, etc.; writing up de- 
scriptions, instructions for use, care 
and maintenance of the apparatus, and 
systems indicated above. 


Men Available 

149. Electrical- Mechanical Engineer 
(Degree B.E. 1907). 21 years General 
Electric testing and engineering. With 
other organizations experience covers 
steam turbine and hydroelectric plants, 
distribution and transmission systems 
up to 110,000 volts; designing, superin- 


tending construction, operation, and 
reports on properties. 

150. Field Engineer. Technically 
educated; two vears drafting; three 


years dynamo testing; six years investi- 
gation and erection for large manufac- 
turing companies. One and a half 
years of operation and maintenance with 
Spanish labor. Can qualify as resident 
electrical engineer or superintendent of 
power or lighting system. No objec- 
tion to foreign service. 
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151. Electrical Engineer. Graduate 
of State College of Washington, 1908, 
is open for engagement. Five years’ 
experience in the testing and distribu- 
tion departments of a large electric 
light and power company on the Pacific 
coast. Can give best of references. 


152. Electrical Engineer. Mass. 
Inst. Tech. graduate. Two years Gen- 
eral Electric testing and industrial con- 
trol engineering. With Boston Edison 
Co. as conduit engineer and with the 
Walworth Mfg. Co. as efficiency engi- 
neer. Prefer employment as engineer in 
manufacturing company or textile mill. 


153. Electrical Engineer. Twelve 
years’ experience in design, construc- 
tion, and management of electric light, 
power and railway properties. Thor- 
oughly familiar with estimates, re- 
ports, accounting systems, rates, etc. 
Has held positions of designing engineer, 
construction superintendent, and gen- 
eral manager. Capable of handling 
employes and successful in dealing with 
the public. 


154. Mechanical and Electrical 
Engineer. Graduate; 29 years of age; 
married. Three years’ machine shop 
and erecting experience. Six years’ 
drafting, assistant electrical engineer 
with crane concern, and mechanical en- 
gineering experience on industrial, 
switchboard and railway apparatus. 
First-class references. 


155. Electrical Engineer. Recent 
асе of a leading Eastern university. 

xperienced іп central station man- 
agement, operation and maintenance; 
possesses good execufive ability and 
can furnish first-class references. De- 
sires position affording opportunity for 
advancement. 


156. Electrical Inventor and In- 
vestigator. A progressive electrical en- 
gineer (32) of unusually broad experi- 
ence and full of original ideas. Skilled 
in developing new or incomplete ideas 
to a commercial form or executing any 
sort of original work involving elec- 
tricity and mechanics. Invite corres- 
pondence with thriving concern with 
unusual problems to solve. 


157. Electrical Engineer. Young 
man, technical graduate, two years 
General Electric test and two years in 
sales dept. of district office. Has also 
served six months as meter-man with 
public service corporation. Desires per- 
manent position with operating or man- 
ufacturing company. Pacific coast or 
Middle West preferred. 


158. Electrical Engineer. Two years 
General Electric test; three years service 
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inspection and overhead distribution 
engineering with large central station. 
Two years Panama Canal as wireman 
and foreman on installation of electrical 
equipment for lock operation. Desire 
management of small electrical prop- 


erty but open to any good offer. Now 
available. 
159. Technical Graduate seeks 


connection with small manufacturing 
concern, contractor or commercial de- 
partment of central station. Thorough 
training in sales and office routine; 
several years testing and construction 
in the field for prominent electrical 
manufacturing company. Age 25; 
energetic, and of pleasing personality. 
Best of references from present em- 
ployers. 


160. Electrical Engineer. Over 
twelve years’ experience in design, con- 
struction and operation of low- and 
high-tension power plants and substa- 
tions. Would like position as superin- 
tendent of power and lighting plant in 
small city, Middle West preferred. At 
present employed. 


161. Electrical Engineer. Age 32, 
technical education, ten years’ practical 
experience. Expert on management of 
construction and operation of electrical 
apparatus connected with large in- 
dustrial plants. Can show efficiency 
with minimum cost and delay. Now 
connected in above capacity. Best of 
credentials; location no object. 


162. Electrical Engineer. Gradu- 
ate Drexel Institute; seven years con- 
struction and operation of power plants 
and lines; considerable experience in 
lead cable work; three years in charge 
high-tension (substation and line) 
work in Canada. Desires position as 
superintendent of construction or su- 
perintendent in charge of municipal 
plant. А-1 references. 

163. Electrical Engineer. Eight 
years’ experience shop work, hydro- 
electric and steam-electric powerhouse 
superintendency, substation and un- 
derground system design, managing and 
engineering municipal systems. Now 
manager and chief engineer hydroclec- 
tric and waterworks department of 
large Canadian city. Thoroughly fa- 
miliar with hydroelectric power com- 
mission’s system of Ontario. 


164. Electrical Engineer. Technical 
post-graduate from a Middle-West and 
also from an Eastern school. Experience 
includes six years of teaching in two 
large universities and nearly four years 
of technical and executive work for 
operating companies. 
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165. Superintendent and Electrical 
Engineer. Has constructed generating 
and transforming stations of all capac- 
ities, systems and voltages up to 
110,000; also mechanical and structural 
work in connection therewith, and along 
other lines, including bridges and hoists; 
wishes change for personal reasons. 


166. Young man, graduate E. E. 
1914, experienced in electric light and 
telephone construction work. At present 
employed as operator in a large power 
plant. Desires position in engineer- 
ing department or construction work 
of power company or small manufac- 
turer. Can leave on short notice. 
Middle West preferred. References. 


167. Electrical Engineer. Technical 
graduate of Western university, 1910. 
Experience includes one and a half 
years General Electric test and labora- 
tory work, and more than two years 
designing transformers, mostly for spe- 
cial purposes, such as testing, etc. Have 
also had some construction experience. 
Can give best of references. 


168. Electrical Engineer. Fourteen 
years' experience testing, engincering, 
construction and operation with prom- 
inent manufacturing and public service 
companies; enginecr and superintendent 
on construction and operation of rail- 
way, lighting, power stations and trans- 
mission systems. Age 35; at present 
engaged on operating work in East. 
Position desired with progressive com- 
pany offering opportunity for advance- 
ment. 


169. Electrical Engineer, technical 
graduate, married. Теп years ехрегі- 
ence with light and power companies 
on power plant operation, high-tension 
transmission, distribution, and com- 
mercial department. Desires position 
ав superintendent of light and power 
company. Past employers as refer- 
ences. Now employed. 


170. Electrical Engineer and Motor 
Specialist. Technical graduate; two 
years testing experience General Elec- 
tric Co., three years іп A-C. Eng'g. 
Dept. on motor design and application. 
Two years as designing engineer in 
large Canadian electric manufacturing 
company. Well acquainted with in- 
dustrial motors and control. Employed 
but can leave on short notice. 


171. Technical Graduate. Two and 
a half years at Mass. Institute of Tech- 
nology; three years with General Elec- 
tric Co. special testing on small motors 
and generators; two years with Holtzer- 
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Cabot Co.; short time with large соп- 
struction and engineering company. 
172. Plant Electrician. Good educa- 
tion; practical expericnce іп factory 
electrical work; twenty years in the elec- 
trical industry. In charge of 500 h.p. 


factory plant for 21 years. Age 41, 
family, steady habits, trustworthy. 


Employed, can leave on short notice. 
Good references. Willing to go any- 
where. 

173. Graduate Electrical Engineer. 
Five years’ experience with a-c. and d-c. 
motors in manufacturing, testing, ex- 
perimental, drafting, also executive. 
Desire position in engineering depart- 
ment of concern manufacturing motors. 
Good references. 


174. Electrical Engineer, graduate 
from leading Eastern technical school 
June, 1914. Woud like to locate with 
some manufacturing or construction 
company where practical experience 
may be obtained. 


175. University graduate, 26 years 
of age. One year and a half in draw- 
ing room, six months as electrician 
with light and power company. Posi- 
tion with railway or power company pre- 
ferred. Now employed. 


176. Graduate Electrical Engineer. 
Four years’ practical shop and erection 
experience; three years in the design of 
various electrical apparatus and motors; 
five years 1n laying out light and power 
plants, substations, high-tension and 
low-tension, switching equipments, etc. 
Best references. 


177. Advertising Manager. Open 
for engagement after Feb. 1. Technical 
graduate; with General Electric Co. 
three years іп shop and office; with 
leading general advertising agency in 
Philadelphia four vears; with promi- 
nent Eastern central station as advertis- 
ing manager until outbreak of Euro- 
pean war. Salary desired 15 reasonable. 


178. Electrical Engineer. Technical 
graduate; age 28. Six years’ experience 
with Bell Company, including three 
years in construction and maintenance 
work, and three years in telephone en- 
gineering. Familiar with field and est-i 
mate work. Best of references. 


179. Electrical Engineer. Single, age 
32. Twelve years’ experience hydroelec- 
tric construction and operation, also as 
master mechanic and chief electrician 
in mine. Speak and write Spanish; 
four years in Mexico. Prefer foreign 
service. Employed now but can leave 
on short notice. Best of references. 
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Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 


American Institute of Chemical Engineers. 
Transactions, vol. VI, 1913. New York. 
1914. (Gift of Institute.) 

American Institute of Electrical Engineers. 


Transactions vol. XXXII, pt. 1-2. New 
York, 1913. (Gift.) 

Le Courant Continu. Cours 
Industrielle. By Franz Magonette. 
1914. (Purchase.) 

Edison Storage Battery (1910). 
Holland. New York, 1910. 
thor.) 

Electric Cooking, 
Maud Lancaster. 
chase.) 

Electric Power Club. Executive Staff. Member 
companies, Committees, Constitution and 
By-laws, Standards, Nomenclature, Index. 
1914. (Gift of Electric Power Club.) 

Electrical Practice in Colleries. Ed. 4. By 
Daniel Burns. London, 1914. (Purchase.) 

Electricity at High Pressures and Frequencies. 
Ву H. L. Transtrom. Chicago, 1913. (Pur- 
chase.) 


d Electricité 
Paris, 


By Walter E. 
(Gift of au- 


heating and cleaning. By 
New York, 1914. (Pur- 


By D. R. Shearer. 
1914. 


Electricity in Coal Mining. 
New York, McGraw-Hill Book Co., 
(Gift of author.) 

This small work has been prepared to cover, in 

a general way, the many phases of electrical en- 

gineering, as applied to coal mining. It covers 

power plant, haulage. coal cutting machinery, 
the electric operation of fans and pumps, and bel] 

and signal systems. W.P.C, 


Elektric Lighting Connections. By W. P. May- 
cock. London, А. P. Lundberg & Sons. 
1914. (Gift of publishers.) 

The third edition of this vest pocket edition, of 

a handbook of switching connections. W. P. C. 


Elektrodengrósse und Durchschlagsspannung bei, 
der Prüfung dünner Isolierstoffe. By H. 
Gewecke und W. v. Krukowski. (Reprint 
from Archiv fur Elektrotechnik. III Band. 


1914.) (Gift of H. Gewecke.) 

Engineering Directory, 1914. Chicago. 1914. 
(Purchase.) 

Kennelly Reprints, vol. 7, 1913-14. Хр. n.d. 
(Gift of A. E. Kennelly.) 

Moulded Insulation. Boonton, 1914. (Gift of 
Boonton Rubber Mfg. Co.) 

National Electric Light Association. 37th An- 


nual Convention Philadelphia, June 1914. 
4 vols. New York, 1914. (Exchange.) 

Principles and Practice of Electrical Engineering. 
By Alexander Gray. New York, 1914. 
(Purchase.) 

Principles of Electric Wave Telegraphy and 
Telephony. Ed. 2. By J. A. Fleming. 
London-New York, 1910. (Purchase.) 
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Die Quarzlampe; ihre Entwicklung und ihr 


heutiger Stand. By ). C. Pole. Berlin, 
1914. (Purchase.) 
La Telephonie Automatique. By H. Milon, 


Paris, 1914.  (Purchase.) 

La Téléphonie et les autres moyens d'Intercom- 
munication. By P. Maurer. Paris, 1914. 
(Purchase.) 

U. S. Bureau of Standards. Scientific Papers 
Decennial Index to the Bulletin, vols. 1-10 
1904-14. Washington, 1914. (Exchange. 

Westinghouse Electric & Manufacturing Com- 
pany. Annual Report, 1914. (Exchange.) 

Die wirtschaftlich günstigste Spannung fur 
Fernübertragungen mittelst Ficileitungen. 


By Helmuth Eimer. Berlin, 1914. (Pur- 
chase.) 
TRADE CATALOGUES 
Chelten Electric Co. Philadelphia, Pa. “ Chel- 


ten " electrical specialties. 1915. 


Chicago Pneumatic Tool Co. Chicago Ш. 
Bulletin No. 34-S. Small power driven 
compressors. 1914. 

Delta Star Electric Co. Chicago, Ill. Bulletin 
14. Outdoor sub-stations and  weather- 
proof equipment. Oct., 1914. 

General Electric Co. Schenectady, М. Y. 


Bulletin No. 40500. Alternating current 
generators for direct connection to recipro- 
cating engines. Nov., 1914. 

No. 41500. Small direct and alternating 
current motors drawn shell type. Nov., 1914. 
National Lamp Works of Genera) Electric Co. 


Cleveland, O. Bulletin No. 22. Show case 
lighting. 
Wagner Electric Manufacturing Co. St. Louis, 


Mo. Bulletin 106. 
Dec. 1914. 


Single-phase motors. 


UNITED ENGINEERING SOCIETY 


American Road _ Builders’ Association. Pro- 
ceedings of Annual Convention 9th, 10th. 
New York, 1912-13. (Gift of Association.) 

American Scenic and Historic Preservation So- 
ciety. Annual Report 19th, 1914. Albany, 
1914. (Gift of American Scenic & Historic 
Preservation Society») 


Comparison of certain physical properties of 
nickel steel and carbon steel proving the 
superiority of nickel steel over carbon steel 
for bridge and structural purposes. By 
Albert Ladd Colby, July 1903. n.p. n.d. 
(Gift of International Nickel Co.) 


International Library of Technology. Manu- 
facture of Gas, Iron, Steel and Cement. vol. 
104. Scranton, n.d. (Purchase.) 


List of works in the New York Public Library 
relating to oxy-acetvlenc welding. New York 


1914. (Gift of W. B. Gamble.) 
Manual of Practical Potting. Edited by С. F. 
Binns. London, 1907. (Purchase.) 


Manufacture of Mineral and Lake Pigments. By 
Josef Bersch. London, 1901. (Purchase.) 
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Les Manuscrits de Leonard de Vinci. By Chas. 
Ravaisson-Mollien. 6 vols. Paris, 1881. 
(Purchase.) 
New York Times Index, vol. 3, 1914. New York, 
1914. (Purchase.) 
Oil Colours and Printers Inks. By L. E. Andes. 
London, 1903. (Purchase.) 


Principles and Practice of Dipping, Burnishing, 
Lacquering and Bronzing Brass Ware. Ed. 


2. By W. N. Brown. London, 1912. 
(Purchase.) 
Reinforced Concrete Construction, vols. 1-2. 
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By G. A. Hool. 
chase.) 


New York, 1912. (Pur- 
de L'Industrie du Gaz. 
Congrès 
(Gift of 


Société Technique 
Compte-rendu du Quarantieme 
1913, Toulouse. Paris, 1913. 
American Gas Institute.) 

United States Steel Corporation, Annual Re- 
port. 6th-12th, 1907-1913. Hoboken, N- 
J.. 1907-13. (Gift of U. S. Steel Corpora. 
tion.) 

Zeitschrift für Kleinbahnen. Vol. 1, nos. 1. 3-8; 
vols. 3-5; vol. 6, nos. 2-12; vols. 7-8. Berlin 
1894, 1896-1901. (Purchase.) 
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OFFICERS AND BOARD OF DIRECTORS, 1914-1915 


PRESIDENT. d 
(Term expires July 31, 1915.) 
PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1915.) (Term expires July 31, 1910.) 
RALPH D. MERSHON. C. O. MAILLOUX. 


VICE-PRESIDENTS. 


(Term expires July 31, 1015.) (Term expires July 31, 1916.) 
J. 4. LIGHTHIPE. F. S. HUNTING. 
H. H. BARNES JR. N. W. STORER. 
CHARLES E. SCRIBNER. FARLEY OSGOOD. 
MANAGERS. 
(Term expires July 31, 1915.) (Term expires July 31, 1916.) (Term expires July 31, 1917.) 
COMPORT A. ADAMS. H. A. LARDNER. FREDERICK BEDELL. 
J. FRANKLIN STEVENS. B. A. BEHREND. BANCROFT GHERARDI. 
WILLIAM B. JACKSON. PETER JUNKERSFELD А. S. MCALLISTER. 
WILLIAM McCLELLAN L. T. ROBINSON. JOHN H. FINNEY. 
TREASURER. (Term expires July 31, 1915.) SECRETARY. 
GEORGE A. HAMILTON. | F. L. HUTCHINSON. 
HONORARY SECRETARY. LIBRARIAN. 
RALPH W. POPE, W. P. CUTTER, 
33 West 39th Street New York. 20 West 39th Street, New York 


GENERAL COUNSEL. 
PARKER and AARON, 
42 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


*NORVIN GREEN, 1884-5-6. CHARLES P. STEINMETZ, 1901-2. 
ФРЕАМКІЛМ L. POPE, 1886-7. CHARLES Р. SCOTT, 1902.3. 

T. COMMERFORD MARTIN, 1887-8. BION J. ARNOLD, 1903-4. 
EDWARD WESTON, 1888-9. JOHN W. LIEB. Jr., 1904-5. 
ELIHU THOMSON, 1889-90. SCHUYLER SKAATS WHEELER, 1905-6. 
*WILLIAM A. ANTHONY, 1890-91. SAMUEL SHELDON, 1906-7. 
ALEXANDER GRAHAM BELL, 1891-2. HENRY G. STOTT, 1907-8. 
PRANK JULIAN SPRAGUE, 1892-3. LOUIS A. FERGUSON, 1908-09. 
*EDWIN J. HOUSTON, 1893-4-5. LEWIS B. STILLWELL, 1909-10. 
LOUIS DUNCAN, 1895-6-7. DUGALD С. JACKSON, 1910-11. 
FRANCIS BACON CROCKER. 1897-8. GANO DUNN, 1911-12. 

A. E. KENNELLY, 1898-1900. ` RALPH D. MERSHON, 1912.13. 
CARL HERING, 1900-1. C. O. MAILLOUX, 1913-14. 


9 Deceased. 
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STANDING COMMITTEES 


Revised to Jan. 1, 1915 


EXECUTIVE COMMITTEE. 
Р. Моа Chairman, 


E.and M. сонш East Pittsburgh,Pa. 


C.A. Adams, Hamilton, 
H.H. Barnes, Jr.. William McClellan, 
В.А. Behrend, | М. W. Storer. 


FINANCE COMMITTEE 
J. F. Stevens, Chairman, 
1326 Chestnut St., Philadelphia, Pa. 
Н.Н. Barnes, Jr. 'B. Gherardi. 


LIBRARY COMMITTEE. 

Samiun Sheldon, Chairman, 
98} Schermerhorn St., 

B. сы 


arold Pender, 
L. Hutchinson, 


W.I.Slichter. 


Neg. AND PAPERS COMMITTEE. 
. T. Robinson, Chairman, 


m Electric Company, Sc Schenectady, N. Y. 


L. W. Chubb, Norris, 
5, М. Kintner, С.Р. Steinmetz, 
and the chairmen of all technical committees. 


EDITING COMMITTEE. 


H. H. Norris, Chairman, 

239 West 39th St., New York. 
M. G. Lloyd, W.S. Rugg. 
A. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman, 


165 Broadwa New York. 
Philander Betts, A.S. McA lister, 
Henry Floy, John B. Taylor. 


Brooklyn, N. Y. 


SECTIONS COMMITTEE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa. 
Frederick Bedell, W. A. Hall, 
H. W. Flashman, F. D. Nims. 
Charles F. Scott, 
and the chairmen of all Institute Sections. 


STANDARDS COMMITTEE. 


A. E. Kennelly, Chairman, 
Harvard University, Cambridge, Mass 
C. A. Adams, Secretary, 
Harvard University, Cambridge, 
James Burke, W.H. Powell, 
W.A. Del Mar, Charles Robbins, 


Mass. 


H. W. Fisher, L. T. Robinson, 
H. M. Hobart, E. B. Rosa, 
Е.В. Jewett, C. E. Skinner, 
P. Junkersfeld, I M. Smith, 

G. L. Knight, . G. Stott, 


W. L. Merrill, Б Н. Thomas. 


CODE COMMITTEE. 


Farley Osgood, Chairman, 


763 Broad Street, Newark, М. ). 


J. C. Forsyth, M. Schoen, 

H. B. Gear, TAG F. Sever, 

Kempster B. Miller, H.O. Lacount, 

H. N. Muller, C. E. Skinner, 
H. R. Sargent. 


LAW COMMITTEE. 


G. H. Stockbridge, Chairman, 

165 Broadway, New York 
Charles L. Clarke, Paul Spencer, 
C. E. Scribner, Charles А. Terry. 


SPECIAL COMMITTEES 


Revised to Jan. 1, 1915. 


POWER STATIONS. 


H. G. Stott, Chairman, 
600 West 59th Street, New York. 


W. D Gorsuch, S. MacCalla, 
J. H. Hanna, R. Т S. Piggott, 
С. А. Hobein, E. F. Scattergood. 
A. S. Loizeaux, Paul Spencer, 


C. F. Uebelacker. 
TRANSMISSION COMMITTEE. 


P. H. Thomas, Chairman, 
2 Rector St., New York. 
E. J. Berg, V.D. Moody, 
P. M. Downing, F. D. Nims, 
A. R. Fairchild, F. W. Peek, Jr., 
F. A. Gaby, Harold Pender, 
L. E. lbs К.С. Randall, 
L.R. C.S. Ruffner, 
G.H. Lukas: F. D. Sampson, 
Ralph D. Mershon, P. W. Sothman, 
W.E. Mitchell, C.E. Waddell, 
J.E. Woodbridge. 

RAILWAY COMMITTEE. 

D. C. Jackson, Chairman, 
248 Boylston Street, Boston, Mass. 

А. Н. Armstrong, Е.В. Кайе, 
А.Н. Babcock, Paul Lebenbaum, 
E. J. Blair, W.S. Murray, 
H. M. Brinckerhoff, Clarence Renshaw, 
E. P. Burch, А. S. Richey, 
H. M. Hobart, F. J. Sprague, 


N. W. Storer. 


PROTECTIVE APPARATUS. 


E. E. P. Creighton. Chairman, 

Union University, Schenectady, N. Y. 
Н.Н. Dewey, E. B. Merriam, 
Louis Elliott. L. C. Nicholson, 


Victor H. Greisser, E. P. Peck, 
Ford W. Harris, N. L. Pollard, 
8. Q. Haves. D. W. Roper. 
Fred. L. Hunt. O. O. Rider, 


Charles P. Steinmetz, 


L. E. Imlay. 
H. R. Woodrow. 


R. P. Jackson, 


J. T. Lawson, 


ELECTRIC LIGHTING COMMITTEE. 


Clayton H. Sharp, Chairman, 
556 East 80th St., 
J. W. Cowles, H. W. Peck, 


N. Y. 


E. P. Hyde, S. G. Rhodes, 
P. Junkersfeld, E. B. Rosa, 

A. S. Loizeaux, G.H. Stickney. 
T. S. Perkins, C. W. Stone. 


INDUSTRIAL POWER COMMITTEE. 


D. B. Rushmore, Chairman, 

Gencral Electric Company Schenectady, N. Y. 
A. C. Eastwood, A. S. McAllister. 
Walter А. Hall, J. P. Mallett, 


J. M. Hipple, E. H. Martindale, 
H. Jones. W. Ly Merrill, 
C.D. Knight, Г.А.” sborn, 
J.C. Lincoln, A.G. Pierce, 
H.A. Pratt. 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 


C. E. Scribner, Chairman, 
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THE BEST CONTROL OF PUBLIC UTILITIES 


BY FRANK G. BAUM 


ABSTRACT OF PAPER 


The author states as an axiom that '' the best control of a 
public utility is that which develops an eagerness and ability on 
the part of the company to furnish the service, and an equal 
eagerness and ability on the part of the consumer to purchase 
the service." Five elements requisite for the development of 
this eagerness and ability on the part of the company and the con- 
sumers are stated and analyzed. 

One of the important elements is confidence in the company 
and its rates, and the author states his conviction that class rates 
are absolutely necessary for the best development of the business. 
АП classes of consumers benefit by a diversified use of electric 
energy, which makes lower rates possible. Тһе principle at the 
bottom of all rates is to make the plant earn all it can during 
every hour of the day so that the burden of the investment 
may be distributed. Тһе same principle applies to nearly all 
public utilities, railroad, telegraph, express and postal service. 

There is confusion in the minds of consumers because rates for 
power are lower than rates for electric lighting, and the electric 
energy for the two very different kinds of service is measured 
in the same units, kilowatt-hours. Butin the similar case of rail- 
way service, there is no feeling that passengers should be carried 
as cheaply as freight, because it is realized that the two kinds of 
service are very different, and one is measured in passenger-miles 
and the other in ton-miles. "Therefore the author urges the 
establishment of class rates for electric service as being more 
scientific than the methods in general use at present, and less 
likely to lead to misunderstanding. Examples are given to show 
that the lighting consumer's rate must be much higher than the 
power consumer's, because the investment and cost of operation 
to serve the former are greater than are required to serve the lat- 
ter, and because, for the same peak demand, the total energy used 
by the power consumers is much greater than that used by the 
lighting consumers. The paper outlines the method for deter- 
mining class rates for different classes of service. 


T MUST be evident to anyone who has given serious consider- 

ation to the subject of the control of public utilities that 

it is necessary always to have in mind the following as an axiom: 

The best control of a utility is that which develops an eagerness 

and ability on the part of the company to furnish the service, 

and an equal eagerness and ability on the part of the consumer 
to purchase the service. 


Manuscript of this paper was received November 27, 1914. 
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Note that there must be both eagerness and ability on each 
side in order to promote the best interests of the business. Now 
how are we to determine the best way in which to develop this 
eagerness and ability on the part of the company and the con- 
sumer? 

1. There must be developed а diversified use of electric 
energy. 

2. Fair public service commissions must act as boards of 
arbitration between the company and the consumer. 

3. The rate of return on the investment must be liberal. 

4, There must be confidence in the company and its rates, 
and class rates are absolutely necessary for the devclopment of 
the business. . 

9. There must be some incentive for the company to make 
economies in construction and operation. 

It will be profitable to review these five requisites in some 
detail and try to make clear some of the points now causing con- 
fusion in the minds of some consumers and investors. 

(1) It is necessary for the company to know thc possibilities 
of the use of electricity in its territory and incessantly encourage 
the use of this form of power throughout its territory. It need 
hardly be explained that the fundamental characteristic of 
electricity as an aid to human endeavor is that it can be pro- 
duced at certain central points and distributed by means of 
electric wires throughout a tremendous area. It is thus carried 
to every place where power or light is needed, the original power 
being divisible into an infinite number of parts, each part per- 
forming its function at its proper place in a perfectly prede- 
termined and efficient manner. Also it must be understood 
that electricity cannot be stored in large quantities, but must 
be produced the instant it is used. 

It is also well to bear in mind that most labor or effort can be 
stated in terms of energy, and when power can be applied to 
displace physical energy there is almost always a very large 
gain in efficiency and especially in output. And always when 
the larger efforts required are done by power instead of by 
human labor, the result is a stimulation of other industries. 
For example, when a railroad takes the place of teams for haul- 
ing between certain points, the cheaper method of hauling be- 
comes a primary cause for the establishment of other industries 
which were not practical before the advent of the railroad. 
Similarly, cheap power 1n a district 1s generally a primary cause 
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for the establishment of other industries not possible before 
the advent of cheap power. The result is that railroads and 
electric power lines, which, like steamship lines, are primary 
causes of the establishment of other industries and tend to pro- 
mote general prosperity, should be encouraged, if not sub- 
sidized. Illustrations of the advantages to all consumers of a 
diversified business will be given under (4). 

(2) In the determination of what is the best policy for a 
public service company, the question of the proper rates for 
diffcrent kinds of service is often a matter of contention between 
the company and the consumer, and as the service which a 
railroad or a power company furnishes is a natural monopoly, 
and competition does not promote the eagerness desired on 
the part of the consumer or of the companv to purchase or furnish 
the service, the regulation of the rates 1s now generally delegated 
to public service commissions, which are really boards of arbi- 
tration to determine what is for the best interests of the busi- 
ness, considering both the company and the consumcr. 

(3) In the determination of reasonable rates for service the 
commissions, in addition to the ordinary operation and main- 
tenance expenses, take account of the capital invested, and 
capitalize the loss in interest covering the unproductive period 
during which the business was being established, and allow 
generally some capitalization of the going value of the business, 
the latter often being made up of a number of elements, some 
of which are difficult to determine with great exactness. Тһе 
result is that rates are usually allowed liberally so as to leave 
no doubt of the above items, and quite generally when this is 
done there is no resort to the courts. Тһе rate of return must, 
of course, depend on the risk, the character of the country, the 
stability of the business, and the economy of the manufacture 
of the power facilities. 

While a rate of return is generally allowed for the initial period 
of a company's business, no extra return from business originat- 
ing on new extensions is generally allowed. The reluctance of 
companies to make extensions into new territory is largely due 
to this fact. As a matter of fact, all extensions into new terri- 
tory should be treated as unprofitable for such period as 15 
necessary for them to become paying, and a capitalization of 
the losses should be allowed the same as in the establishment 
of a new enterprise. 

The amount of time necessary for a business to become re- 
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munerative may vary from one to ten years, and generally if 
one can start and produce a paying enterprise in five years it 
may be considered a success. If the earnings commence at 
zero and become remuncrative at the спа of six vears, the 
loss in interest amounts to about 18 per cent of the investment. 
All unremuncrative extensions should be treated in the same 
way, with the result that from 10 to 20 per cent capitalization 
should be allowed on the total investment in order to promote 
extensions by the established companies. Otherwise the result 
will be, if no allowance is made for extensions, that the established 
companies will not make extensions into new territory, but these 
will be undertaken instead by new companies which will be al- 
lowed to capitalize the loss in interest at a higher rate than the 
established companies. Extensions into new districts are ex- 
tremely important, because we must not only consider those 
who enjoy the service, but those who would like to make use of 
the same service. 

As an example, I have a ranch located 35 miles from the near- 
est railroad point. The Southern Pacific Company surveyed 
a line five years ago, but owing to general conditions has never 
built the line. Now, a reduction of freight or passenger rates 
to the valley farmers is no help to me; in fact the reduction to 
the valley farmers may be one of the reasons I do not get rail- 
road service. Moreover, I am not much concerned whether 
or not the rates to be charged me during the first ten years are 
20 per cent higher than they will be later. What I want is rail- 
road service and I am willing to pay high rates and a bonus to 
get it. Тһе district has as much available land as the Imperial 
Valley and can support a railroad, but I and the other farmers 
do not get the railroad service because there is no incentive for 
the railroad to go into new territory. 

All the early companies risked large sums in the early stages 
of the electrical business and this should not be lost sight of in 
fixing rates ,at the present time. А certain manufacturing 
company at one time had a possible loss of about $10,000,000 
facing it before it made its type of steam turbine a success. 
The price at which turbines are sold must, of course, absorb . 
this amount, but the gain in efficiency obtainable, of which 
the public gets the benefit, makes the $10,000,000 insignificant. 
If the manufacturers are entitled to something for their risk, 
is not the electricity supply company that installed reciprocat- 
ing engines to be replaced by turbines entitled to something 
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for its risk? Usually we penalize the company and make it 
stand the loss on.its books. Another manufacturing company 
stood to lose at one time about $500,000 before the induction 
motor was made a success. It is certainly entitled to a large 
return for this risk, especially when we consider the enormous 
value of the induction motor to the world. Similarly the early 
transmission companies stood to lose the entire first invest- 
ments made. Апа yet, in spite of the enormous value of this 
pioneer work, we hear many people who бау there shall be a 
return only on the wise investment. Who is to judge what was 
а wise investment in water power twenty years ago? 

(4) If all classes of service were of the same kind there would 
be little difficulty in arriving at rates that would satisfy the 
company and the public, but where the same service is used 
for various purposes, the rates for the service vary, the public 
is confused and generally considers that it is being treated 
unjustly. For example, a man using electricity to light his 
residence pays a rate of say 10 cents per kilowatt-hour, but a 
man who uses electric power to run an ice plant may get a rate 
of 1 cent per kilowatt-hour, and usually no amount of explana- 
tion will convince the man paying a rate of 10 cents that he is 
not being robbed. Оп the other hand, the man paying the 
I-cent rate knows that he is getting only a fair rate and the power 
company is certain both of them are being treated fairly. Be- 
cause of the confusion that exists in the minds of the consumers 
many power companies, especially those supplying lighting to 
many eastern citics, do not encourage the use of electricity for 
power, because they believe the lighting consumers will think 
they should have the same rates, or at least lower rates than 
are warranted. As a matter of fact, a thorough understanding 
on the part of the consumer and the offering of the electric 
service for all purposes, especially for power, will result not 
only in some reduction in rates to the lighting consumers, but 
what is much more important, the use of clectricity for power 
purposes will stimulate other industries and these will, of course, 
make the community more prosperous. А prosperous commun- 
ity or individual is never burdened by the lighting bill, as it is 
insignificant when measured in terms of the service received 
and the gencral benefits derived by the community when it 
has an ample power supplv available and used for all purposes. 

Electricity for lighting and power purposes cannot be stored 
in any large quantities, therefore the plant must at each instant 
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gencrate the total supply. The lighting consumer must, there- 
fore, have available all day the possibility of instant service, 
but he may only use the service to produce. revenue for the 
company a few hours each evening. This is the usual explana- 
tion given for the higher rates charged for lighting, that is, that 
the lighting consumer uses the light only a few hours per day, 
whereas the power user’s service extends over the larger part 
of the day, and also the power consumer uses a much greater 
quantity. The revenue obtained from a consumer having a 
100-h.p. motor may be equal to that obtained from a hundred 
or two hundred lighting consumers, and herein lies the crux of 
the entire matter, but the consumer does not see it, so we will 
try another way of explanation. 

If, for example, the total of investment and operating expense 
to serve all the lighting consumers is equal to the total of invest- 
ment and operating expense to serve all the power consumers, 
then plainly the revenue derived from each class of service must 
be the same in order that cach may bear its fair share of the 
expense of the service. In the average up-to-date light and 
power system the total energy, generally expressed іп kilowatt- 
hours, consumed by the lighting consumers is very much less 
than the kilowatt-hours consumed by the power consumers. 
If the power consumers use five times as much as the lighting 
consumers, then, on the assumption that it costs as much to 
serve all the lighting consumers as it does all the power con- 
sumers, the rate per kilowatt-hour charged the lighting consu- 
mers must be five times as large as the rate charged the power 
consumer. Gencrally, however, especially when water power 
is available, and on account of the large cost of distribution, 
the cost of serving the lighting consumers is greater than the 
cost of serving the power consumers, so that a greater difference 
than five to one must exist in the rates for service. 

To use a parallel case for illustration, let us take the railroad 
service and compare the cost of hauling passengers and freight. 
Transcontinental freight is hauled by the railroads from the 
East to California at about $1.50 per 100 lb. To haul 300 1b., 
or about the weight to be hauled when one passenger and his 
baggage is carried, will give the railroad a revenue of $4.50. 
The revenue derived, however, for hauling a single passenger 
over this distance is more than ten times this amount, and yet 
the passenger only pays his fair share of the expense. Again, 
local freight is hauled at 1 cent and 2 cents per ton-mile, whereas 
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the passenger pays 2 to 3 cents per passenger-mile; that is, the 
passenger pays more to be hauled one mile than is charged to 
haul a ton of freight one mile. The classes of service and the 
basis of charge are here entirely different, hence there is no 
confusion in the minds of the public. 

Again, a railroad devotes, 16% us say for simplicity of explana- 
tion, one half the railroad investment and one half the operat- 
ing costs to freight service and the other half to passenger service. 
In that case plainly the freight revenue and passenger revenue 
must be equal in order to be equitable. But the railroad may 
haul 1,000,000,000 tons of freight at an average return of 1 cent 
per ton-mile, producing $10,000,000 in carnings, and only carry 
400,000,000 passengers one mile. Clearly, in order to produce 
the same revenue from the passenger as from the freight service, 
it must receive an average rate of 21 cents per passenger-mile. 
On a ton-mile basis in the illustration the passenger pays about 
twenty times the rate per ton-mile paid for the freight service. 
And yet there is no confusion in the minds of the public in this 
instance, mainly because the same unit of charge is not used. 
If the railroads attempted to put the passenger business on the 
same basis as the freight, that is, weigh thc passenger and 
charge so much per ton-mile, as in the case of frcight, the public 
would think it was being robbed, but as a matter of fact, the 
rates are equitable. 

As a matter of equity the passenger-mile rate for service is 
proper and logical and so is the ton-mile rate for freight. Pas- 
senger business is a personal service and paid for on a different 
unit basis and not on a ton-mile basis as freight is hauled. 

Now a similar difference exists in the lighting and power 
service which brings to the minds of the public the confusion 
as to the reason for the difference in rates for lighting and power. 

Plainly if, for illustration as before, we assume that the in- 
vestment cost and operation cost of supplving energy for power 
consumers are the same as the cost for supplving the lighting 
consumers, it follows that the revenue derived from the two 
classes of business should be the same. But if the total energy 
consumed Бу the power consumers js five times that used by 
the lighting consumers, it 1s evident that the average rate charged 
per kilowatt-hour for lighting must be five times the average 
rate charged for power. That is, if the average rate for power 
is 1 cent per kilowatt-hour, the average rate for lighting must 
be 5 cents per kilowatt-hour. If the company sells 500,000,000 
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kw-hr. for power at an average rate of 1 cent, it will reccive 
$5,000,000 in revenue. But if the amount of energy supplied 
for lighting is only 100,000,000 kw-hr. the charge must be 5 
cents per kilowatt-hour to produce the same revenue. 

Always, however, on account of the cost of distribution, the 
cost of the lighting service is much greater than the cost of the 
power service, and generally, therefore, we find the lighting 
rates about ten times the rates for power service. Тһе total 
investment in the given case, for illustration, may be divided 
as follows: 


Investment for power consumers.................. $15,000,000 
u “lighting consumers, to substations.. 15,000,000 
а * lighting consumers, for distribution. 15,000,000 


And the earnings necessary so that each may pay its fair 
share may be as follows: 


From power сопвштпегв.......................... $3,000,000 
From lighting consumers, to substations........... $3,000,000 
From lighting consumers, for distribution.......... $3,000,000 
Total to be eared sé solos pene ha жауа $9,000,000 
The power consumers may use............ 400,000,000 kw-hr. 
The lighting consumers may use.......... 100,000,000 " 


' Fair rates would then be: 


For power .consumers, charges to 300,000,000 cents 


substations ........... — 400,000,000 > = 0.75 cent per kw-hr. 


For lighting consumers, charges 300, 000,000 cents 


to substations......... — = 8 cents per kw-hr. 
100, 000,000 


For lighting consumers, for distri- 300,000,000 cents 
БИОЛ sivas oe kk ee eK —— = 8 cents рег kw-hr. 


100,000,000 

This would make the total average rate to the lighting con- 
sumer 6 cents per kilowatt-hour, and the total average rate to 
the power consumer š cent per kilowatt-hour. If the kilowatt- 
hours consumed for lighting are 150,000,000, the rate to the 
substation is 2 cents per kilowatt-hour, and the total rate 4 cents. 

In the above explanation, which the consumer can under- 
stand, there 15 no use of the terms diversity factor and load 
factor. It puts lighting consumers in one class and power con- 
sumers in another, and determines average class rates from the 
cost of giving service and the amount of energy used by each 
class of consumer. 
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It is seen, therefore, that the lighting consumer’s rate is much 
higher than the rate to the power consumer because: 

(1st) The investment and cost of operation to serve the 
lighting consumer are greater than the investment and cost of 
operation to serve the power consumer, and 

(2nd) Much more important, the total energy consumed by 
the power consumers is much greater than that used by the 
lighting consumers for the same peak demand. 

The confusion that exists in the case of the lighting rates 
comes from charging for the same unit of service. In the freight 
and passenger rates there is a natural difference in the method 
of charging, hence there is no confusion. In the lighting and 
power business there is no such natural method of charging a 

different unit rate. It has been occasionally urged to charge 
_ the power user on a sliding scale of charges, starting at the same 
rate charged the lighting consumer. If the power consumer 
made the same demands as the lighting consumer, his rate and 
total charge would be the same as the lighting consumer up to 
the substation. The scale of rates charged the power consumer 
would drop rapidly, in excess of this amount, and his average 
rate could be approximately the same as it would be under 
the ordinary power rate schedule. But there is objection to this 
on the part of the power consumer. It is believed, however, 
that until some form of schedule of rates or class rates is devised 
which strikes all consumers alike, there will be difficulty in 
educating the public as to the reason for the difference in the 
rates. It is believed that equitable “class rates” as herein de- 
scribed will remove the present misunderstanding. 

That low average power rates are necessary for low cost of 
lighting service cannot be questioned, just as low freight rates are 
necessary in order to obtain low passenger rates. If an attempt 
were made, for example, to raise the freight rates per ton to nearly 
equal the passenger rates, there would be no freight, no business, 
and consequently no money and no passengers. 

In the same way, low rates for power service are not only 
equitable, but absolutely necessary in these times in order 
to promote the industries of the communities. If we should at- 
tempt to raise the rates to the power consumers, the lighting 
consumers would soon disappear, as business would become 
stagnant, because in this modern day general power and low 
rates are necessary in order to make a prosperous community. 

Similarly, the reason for the difference in the “ class rates ” 
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for commercial and residence lighting may be explained. For 
example, in order that the commercial and residence lighting 
may pay equitable proportions, let 

Power earnings necessary for commercial lighting = $1,000,000 


= « S “ residence д . = 2,000,000 
Distribution “ » “commercial “ = 1,000,000 
x x 4 “ residence " = 2,000,000 
Suppose commercial consumers use 50,000.000 Куу һг. рег year, 
and residence consumers use 50,000,000 “ “ 
From this we obtain: 
Average power charge, commercial....... = 2 cents per kw-hr. 
Average power charge, residence.. 2 m4 4 4 u 
Average distribution charge, commercial 2 з2 " з M 
Average distribution charge, геѕійепсе.... —4 ^" % T 
Total average charge, commercial lighting. = 4 *" 4 n 
Total average charge, residence lighting. -8 ^ “ 4 


It will be noted that if the energy consumption is doubled the 
rate will be halved, if the total cost remains the same. There 
will be further differences between large and small commercial 
residence business, but these can be taken into account in a 
sliding scale. In the same way there will be rcason for class 
rates for certain kinds of power business, depending largely on size 
of plant and the hours during which power is consumed, and a 
sliding scale of rates for each class of business. | 

Тһе general method used іп determining class rates for а sys- 
tem is as follows: Divide the total amount of money to be 
earned by the power and light class by the sum of the peak 
demands of the two classes. This gives the demand charge per 
kw. Multiply this demand charge by the peak demand of the 
class. This gives the total revenue to be carned Бу the class. 
Divide this revenue by the kilowatt-hours consumed by the class 
and we obtain the average class rate per kw-hr. An example of 
this will be given later, and in Fig. 1. 

The present gencral method of determining electric lighting rates 
isto beginat the consumer and add the cost of reading meter, 
. billing, collecting, ete., to the distribution cost and to this add 
the cost of power. This is equivalent to what the railroads 
would do if they tried to determine passenger rates between two 
points by adding the cost of the sale of a ticket to the cost of the 
oil required to haul the passenger and to this then add the cost 
of passenger equipment and proportionate cost of the railroad 
system between the two points. This method is necessarily 
subject to errors and tends only to confuse, as it concentrates 
attention on the infinitesimal items. 
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Why is it not better to take all the passenger business and 
determine average class passenger rates for the entire system, 
by taking the entire cost of doing all the railroad business and 
dividing this cost among the various classes in proportion to the 
use of the facilities and operating expenses of the different classes? 
Similarly, much more accurate and satisfactory results can, I 
believe, be obtained in determining electric rates by proportion- 
ing the earnings necessary to support the entire property be- 
tween the different classes. The total earnings necessary to 
support the property can be determined, and the proportionate 
use of the facilities can be readily determined accurately enough 
for practical purposes. With these facts and the kilowatt-hour 
consumption of the different classes known, very fair class rates 
may be determined. In no other way can I see any satisfactory 
solution of the rate question, so that the business in all its de- 
partments may be built up to the best advantage of all the classes 
of consumers. 

The present method is too much like trying to arrive at the 
cost of raising chickens by ''counting them before they are 
.hatched." A safer and better way is to take the actual results 
of some chicken ranches over a long enough period of years, so 
that instead of trying to figure the uncertaintics and hazards of 
each item of the business, they are all summed 1n the balance 
sheet. | | 
Ав we have seen, the cost of railroad service per passenger- 
mile bears only the remotest relation to the cost per ton-mile 
for freight, and in a degree the same difference exists between 
residence lighting and power. Also, the cost of hauling a 
car of nails is about the same as a car of transformers, but the 
rate on nails is and must be lower for two reasons, (1) there are 
more nails hauled, and (2) the value of the service is greater in 
hauling a car of transformers than in hauling a car of nails. 
To get the nail business at all, the nails must be hauled at a 
lower rate, and the fact that they bring in revenue in excess of 
the cost, makes it possible to haul the transformers at a lower 
rate than could be done if the rates on nails were raised. 

Similarly, the cost of electric lighting bears only the remotest 
relation to the cost'of supplying power. Again, the cost of sup- 
plying power service to a sawmill or a planing mill must be lower 
than for supplying another class of factory. First, because the 
planing mill man insists that if he gives us his power load he 
must make some profit, and we must thercfore furnish him cheap 
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power or we do not get his business at all. Second, if we do 
not get the planing-mill business, although it may not be as 
profitable as some other lines of business, we must increase the 
rates to the other users in order to make up the revenue necessary 
to support the property. Hence it is generally to the advantage 
of the other power consumers that the company take on low 
class power consumers, if this business pavs more than the 
operating expense and serves to reduce rates in general. Three 
things must be kept in mind regarding апу new business: 

First--Some profit must be made for the consumer in order 
to get the business. 

Second—Some profit must be made for the company. 

Third—The tendency of the business taken on must be such 
as to cause a general lowering in rates as volume of business in- 
creases. 

The early electric companies were organized to supply lighting. 
It was soon recognized that the plant could take on day power, 
and increase the net revenue, which meant of course that the 
investment was more efficiently used. As a result of the power 
business the rates for lighting have been materially. reduced. 

If some industry, for example, could be established to use the 
power service from sav 12 p.m. to 7 a.m., very low rates indeed 
could be made to get this business. Any revenue added over 
operating expense would be so much revenue which could be sub- 
tracted from the charges to other consumers, hence, even though 
this business had to be taken at less than one-half cent per kilo- 
watt-hour, it would, from the standpoint of all consumers, be 
very profitable business for the companv, as the earnings would 
be largelv added to the surplus. 

The initiation of the low-price night letters by the telegraph 
companies is an example of additions to the volume of business 
with the same cquipment, tending to reduce the cost of tele- 
graphic service generally. 

An example will probably make this plain, although it is quite 
elementary to the managers of utility properties. Assume that 
we have installed a waterpower plant (no steam reserve) having 
a normal capacity of 10,000 kw., and that it has cost, including 
transmission line and substation, 82,500,000. To make the 
example as simple as possible we will assume that the company 
contracts to supply the lighting of a city wholesale, so that the 
company shall earn 8 per cent on its investment in addition to 
the operation, depreciation and maintenance charges, etc. The 
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total annual consumption is, say, 15,000,000 kw-hr. The con- 
sumer agrees to pay 10 per cent 1n excess of the rate determined 
from costs in order to have a margin of safety. 

Then for the cost of service we have: 


Interest. o terres Rd e 8 per cent = $200,000 
Пергесайоп................ 1.5 per cent 
Maintenance............... 1.5 » 
Taxes and Insurance........1.0 " 4 ың 100,000 
Totales gx e TP 12 per cent $300,000 
Operation and management. 150,000 
$450,000 


45,000,000 cents 
15,000,000 kw-hr. 


Cost per kw-hr. — 3 cents per kw-hr. 


Adding 10 per cent for safety margin 3.3 * Шь 1% 


There is а daytime power load of 45,000,000 kw-hr. annually, 
available in the same town, that can be supplied from the same 
substation, with the same power plant and transmission system. 
However, in order to make a rate attractive enough to get the 
power load, it is agreed that the power consumer shall pay 
only 6 per cent on one-half the investment which necessitates that 
the lighting consumer pay 10 per cent. Each consumer agrees 
to pay 10 per cent in excess of the rate determined from absolute 
costs in order to have a margin of safety. The costs then 
chargeable to the lighting consumer will be: 


Interest......... 10 per cent of one-half investment, $125,000 

Depreciation....1.5 per cent 

Maintenance....1.5 қ 

Taxes, ins., etc..1.0 x 4 ii ái ы | ы 50,000 
Total....... 14 E $175,000 

One-half operation and management сов%...................... 75,000 
Total charge to lighting сопвшпег........................%250,000 


25,000,000 cents 
15,000,000 kw-hr. 


Cost per kw-hr. = = 1.66 cent per kw-hr. 


With 10 per cent added as margin of safcty, rate = 1.836 cent per kw-hr. 


The result to the lighting consumer is to reduce the rate 
from 3.3 cents to 1.836 cent per kw-lir., in spite of the fact that 
his interest rate has been increased from 8 per cent to 10 per cent. 

The rate to the powcr consumer will be: 
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Interest......... б per cent of one-half investment $75,000 
Depreciation....1.5 per cent 
Maintenance....1.5 “ 
Taxes and ins. .-:1.0 Б 4 « Ы К i: 50,000 
Total....... 10 « 5 қ 4 $125,000 
One-half operation and management сові..................... 75,000 
$200,000 


Cost to power consumer per kw-hr. = 
20,000,000 cents 
45,000,000 kw-hr. 


10 per cent added for safety margin gives rate = 0.4888 cent per kw-hr. 


= 0.444 cent per kw-hr. 


If now a consumer could be found to take the power from 12 
p.m. to 6 a.m., when the other two consumers are not using it, 
a rate could be made bv which his interest charge could be less 
than 6 per cent and still both the other consumers would benefit, 
as thc opcration charges would be increased very little. 

Except for the cost of water storage, which should be appor- 
tioned to kw-hr. output, all charges on a water-power plant 
are demand charges and should be apportioned to peak demands 
of power and light classes. 

Let us take now a tvpical case as applying to the above plant. 
The load curve in Fig. 1 may be assumed to represent such a case. 
Here we have the peak demand of the lighting class equal to 
7500 kw. and the peak demand of the power class of 7300 kw. 
Ав a result the vearly charges of $450,000 аге spread over 
7300 + 7500 = 14,800 kw., instead of being spread over the 
11,000 kw. of the total peak. As a result the yearly demand 
charges are reduced from 


450,000 
11,000 


450,000 
14,800 
or the demand charges are reduced practically to 75 per cent 
of what they would be if there were only one class of consumers. 
This shows the advantage of the diversity factor 1.35. Now 
charge each class in proportion to class peak demand (see cal- 
culations in Fig. 1). As a result the light consumers pay 
7500 X $30.50 = $228,750 of the total and the power consumers 
pay 7300 X $30.50 = $221,250 for power at the substation. 
The average charge for lighting 15 

22,875,000 cents — 

15,000,000 kw-hr. 
gives 1.67 cent per kw-hr. 


= $41 (practically) to = $30.50 


1.52 cent, and adding 10 per cent 
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similarly, the avcrage power charge is 


22,125,000 cents | | 
45,000,000 kw-hr. 7 9:49 cent, and adding 10 per cent gives | 
0.539 cent per kw-hr. 


Here we sce the cffect of the load factors; the lighting load 
factor being only 22.6 per cent, while the power load factor is 


Total Peak 8 P. M. 11.000 kw. 7,500 kw. 


$450,000. m 
Demand Charges per kw. = далалар, $30.50 
Light Consumers Рау 7.800 x $30.50 = $228.750.00 
Power Consumers Рау 7.300 х $30.80 = $221,230.00 


22,875,000с. 
Light Rate Average = 11550 000 kw-br. 


223.125.0000. (0, + 10% = 0.530. 
100600063 а ек 


12A. 4. 0A.M. 12 M. 0P.M. 12 M. 
LOAD CURVE—TYPICAL POWER SYSTEM - 
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70.5 per cent. The average load factor is 62.5 per cent. Without 
the power consumer the rate to the lighting consumer would be 


45,000,000 cents 
15,000,000 kw-hr. 


cents; or, in other words, the lighting rate is reduced nearly 
one-half. Without the lighting consumer the power rate would 


= 3 cents, and adding 10 per cent gives 3.3 
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be 1.1 cent. The mutual benefit is clcarly shown by the ex- 
ample. 

The following table shows the effect of the power load in re- 
ducing the charges to the lighting consumer. 


Proportionate charges 


— |. ————M——MM—ÓMM ав —— 


Case Total peak Light peak Power peak Light Power 
A 10,000 7,500 2,500 75 рет cent 25 per cent 
B 10.000 7,500 5,000 60 u 40 £ 
C 10,000 7,500 . 7,500 50 > 50 “ 


| 


The lighting consumer pays 100 per cent of all power charges 
if there are no other consumers, but by the addition of power 
consumers the lighting charges for power at the substation may 
be practically reduced one-half. From the substation to the 
consumer, of course, each class of consumer must bear its share 
of the additional expense. 

There will be further differences of rates to diffcrent classes of 
lighting and power consumers, but the application of the principle 
is the same as in the above case. For the power consumers we 
start with the total amount to be earned by all the power con- 
sumcrs and by proportioning these charges according to the 
demands of the class, the total charge to the class is determined, 
and from the kilowatt-hours consumed by the class its average 
rate is determined. The method is believed to be scientific 
and can be made fair to all consumers under any circumstances. 

In applying this method to a steam plant, all demand charges, 
that is, all plant investment and operation, would be proportioned 
to peak demand of power and light, and fuel and water only be 
charged as energy and proportioned to kilowatt-hour consumption 
of the two classes. 

The following would be a somewhat logical arrangement of 
class rates: 


Class Kind of service 
ere ee eee Residence lighting 
КЕТТИ Commercial lighting, electric heating, etc. 
oa a ae eee eee Agricultural power 
Cee ала ыы Industrial power 
5................ Power (24-hour). 
Dux Suo дик? Power (off-peak). 


Талал S u eee sae Power (10 p.m. to 6 a.m.) 
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It is not intended in this paper to ро into the question of the 
proper rates under cach class, but rather to limit the paper to 
a discussion of the general principles of class rates in such a 
way as to make clear to the consumer and the investor the 
necessity and justification for such rates, to the end that there 
will be a better understanding of the electrical business as an 
extremely important part of the economic development of any 
community. 

The principle at the bottom of all rates is to make the plant 
earn all it can during every hour of the day so that the burden 
of the investment may be distributed. That is, to make the 
rates within the reach of the lighting consumer, it is necessary 
to make low power rates in order to distribute the charges over 
as many kilowatt-hours as possible. 

The same principles apply to nearly all public utilities. Asa 
precedent for rates of this kind we have the railroad, telegraph, 
express, and postal rates. 

Generally the power service requires a steam reserve plant 
for service insurance, and usually, during periods of low water, 
storage water must be used and the steam reserve plant must 
be operated part of the time. It is evident that the cost of oil 
for the steam reserve and the cost of water storage, both rep- 
resenting energy, should Бе apportioned to the kilowatt-hours 
consumed by cach class. Іп general the total charges for power 
delivered to substations are made up in two items: 


First: Demand charges, which should include interest, main- 
tenance, depreciation, operation and management. 

Second: Energy charges, which should include oil and water 
for steam reserve plant and the cost of storage water, as these 
are the only items that should be proportioned to kilowatt- 
hours output. 


The total charges above would be divided for light and power 
classes into demand and energy charges, as follows: 
Light class demand charge = 


total demand charge X light peak 
light peak + power peak 


Power class demand charge = 


total demand charge X power peak 
light peak + power peak 


-- 
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Light energy charge = 
total energy charge X light kw-hr. 
light kw-hr. + power kw-hr. 


Power energy charge = 


total energy charge X power kw-hr. 
light kw-hr. + power kw-hr. 


Without taking into account the fact that it is the lighting 
consumer who demands most the service insurance of the steam 
reserve and who uses the steam reserve inefficiently because it 
is only used a few hours per day, let us make a few gencral 
figures to see what the steam reserve adds to the energy costs 
of the two classes over those shown by the example in Fig. 1. 

Let us assume that the low-water period 1s three months, or 
one quarter of the total kilowatt-hours must be supplied by 
steam power or its equivalent storage water. Let us assume 
the cost of oil and water for the steam reserve plant а: 0.4 cent 
per kw-hr. and allow the same per kw-hr. for the storage water. 
Then 15,000,000 kw-hr., or one quarter of the total, must come 
from storage water or steam power, making a total of $60,000 
per year. This will add 0.1 cent per kw-hr. to the total and 
to each class of consumers’ rates, the final rate then being 
1.77 cent for the lighting and 0.639 cent for the power. 

Adding this 0.1 cent per kw-hr., the average rate for power at 
the substation in the above example is: 


45,000,000 cents 
60,000,000 


the 10 per cent for margin of safety, the average rate 1s 0.935 
cent per kw-hr. The average fair lighting rate is, however, 
1.77 and the average fair power rate is 0.639 cent. 

It is seen, therefore, that the lighting rate is nearly double 
the average, and the power rate about one-third less than the 
average rate. It is fallacious, therefore, to apply the average 
rate for a system to the different classes of consumets, or to 
different districts or towns. Each class, town or district gets 
the advantage of the diversity factor (usually about 1.3) for the 
system, but the rates for the class, town or district should be 
determined by the method here used. 

If a town, for example, has a lighting peak of 100 kw., the 


+ 0.1 cent 20.75 + 0.12 0.85 cent, and adding 


: of the total paid 


T | 10 
lighting consumers in that town must pay 7500 
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by all the lighting consumers on the system. The rate per kilo- 
watt-hour for the town will be determined by dividing the total 
to be paid by the kilowatt-hours consumed, and therefore the 
rate per kilowatt-hour depends on the consumers themselves, 
that is, on how much they consume. 

As a check on the above average lighting cost of power, let us 
see what the average cost of power for the residence lighting 
would be if supplied by a steam plant. The residence lighting 
may be taken to extend four hours per day and the following 
figures, then, are taken from Fig. 1. 


Peak load steam plant......... 2,000 kw. 
Average load “ ^ 4hours.... 1,320 “ 
Average load “ “ 24 hours.... 220 “ 
Kw-hr. per year, 220 X 8760 = 1,927,200 
Cost of planters reisi ғара $200,000 . 00 
Interest 5-орын ESENE 8 percent 
Maintenance апа depreciation.... 4.5 “ “ 
Operation and management, etc... 2:9. "9 
Total có08t. кезе Ыы Ше kau 15 percent — $30,000.00 


Energy cost for fuel and water 
only, 0.5 cent. рег kw-hr. = 


1,927,200 x 0.005 - | | 9,636.00 
Total cost per year ii oa ois Gees tae ees $39,636 . 00 
3,963,600 cents 
t kw-hr. = ————————— = 2.05 t 
Cost per kw-hr 1927200 kw-hr. 05 cents 
Demand соз4.................... 1.55 cent 
Energy cost.................... 0.50 
2.05 cents 


The cost of supplying power, therefore, to the residence light- 
ing, will probably average 2 cents per kw-hr. A sliding scale 
would take care of differences in the individual lighting rate. 

The steam plant capacity to take care of the four-hour peak is 
2000 kw. or 20 per cent of the entire plant. The kilowatt-hours 
output is, however, only 3.2 per cent of the total output and only 
12.8 per cent of the total lighting load. This brings out clearly 
the reason for the high unit cost for the consumer taking only a 
small amount of energy for lighting for about four hours per day. 

It is generally known that the railroads prefer the freight to 
the passenger business, but it is not so generally known chat 
the power companies, at least those having water powcr, prefer 
power business to lighting business. And again, commercial 
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business is generally more attractive than residence business. 
This is evidenced by the fact that certain companies confine 
their operations to the commercial districts. One of the reasons 
for this condition is the large amount of capital necessary to 
scrve the small consumer. 

Thus it is scen that the attractiveness of the business really 
varies almost inversely as the rate per kilowatt-hour charged, 
which is directly contrary to public opinion. 

In practise, the difficulty of determining average cquitable 
class rates need not be serious. Тһе most important item is 
the amount of power consumed by each class, and this can be 
determined; the item of the maximum demand of cach class or 
the proportionate cost to be charged to each class of business 
cannot be so accurately determined, but 1f an error of 10 per 
cent were made in the example of power and light cost to sub- 
stations, it would, say, increase the power rates from 0.75 to 
0.825 cent, and reduce the lighting rates from 6 to 5.7 cents. 
An error of 10 per cent in the annual cost of operation would 
mean an error of $300,000 added to one class and subtracted 
from the other. The total amount of revenue to be earned can 
readily be determined, and, if we get the class rates within 10 
per cent of the correct amount, there should be no scrious com- 
plaint. 

It is a cut-and-try method, but past practise has already 
largely determined class rates. The main thing is to have class 
rates that will develop the business and that will give consumers 
the right idea of the cost of their class of business, and not have 
the lighting consumer confused by having his mind on the power 
rate for an entirely different class of business and supposing that 
this rate should applv to him. 

(5) To get the best results for the company and the con- 
sumer, some plan must ultimately be worked out to make an 
incentive for the company to reduce the cost of the service. 
At the present time a company may have an obsolete and in- 
efficient engine plant in operation. "This stands on the books 
at, say, $50,000. If this unit is replaced by а modern turbine 
costing, say, $100,000, the company must wipe off from the 
books the old engine plant. As a result of the new turbine, the 
cost of the service 1s decreased, but generally the effect of this 
on the company 15 to have its rates cut. The company has then 
replaced an old engine by à modern one giving better service, 
and as a result it has its rates reduced. Of course this state of 
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affairs does not tend to give the lowest cost of the service, as 
there is no incentive for the company to improve and reduce 
the cost of the service. To the credit of most of the large com- 
panies it can be said, however, that they have made improve- 
ments in spite of this handicap, but the small company generally 
cannot finance the new improvements. 

Again, a community is to be served with electric power. 
Two plans are feasible, one a local steam turbine plant, the other 
electric power developed in the mountains and brought to the 
community by many miles of transmission. The steam power 
development will cost about one-half the hydroelectric, but the 
cost of service to the community will be higher if steam power 
is used. Іп either case, under present conditions, earnings on 
the investment are the same percentage. Why, then, go to 
the mountains and work several years acquiring property, 
making surveys, getting rights-of-way from a thousand or more 
owners, if the result to the promoting company is only the 
additional burden of raising the added amount of capital re- 
quired—and the consumer gets lower rates? 

Of course, under the conditions, there will be only a limited 
amount of water power developed. То make the water power 
development attractive there must be an allowance made to 
produce the incentive to make the water power development. 
This can be done by an allowance for value of water rights or 
by allowing a higher rate of return on the investment in water 
power and the electric transmission of this power to the com- 
munity. 

Economy in construction and operation is much more import- 
ant than ordinarily assumed, and a company able to get these 
results should be encouraged. А high-class organization is as 
necessary as a high-class power system in order to give efficient 
service. The standard of the business must, therefore, be such 
as to attract high-class men to the service, and the ability of 
the company to obtain money must be such as to make it the 
aggressor in making economies and in obtaining new business. 

It costs money to get together a high-class organization and 
it costs money and energy to keep it together and working effi- 
ciently. Different organizations may easily make a difference 
of 25 to 75 per cent in the cost of construction, and a difference 
of 5 to 25 per cent in the cost of operation. 

It should also be remembered that economy of financing is 
one of the important elements in low cost of operation. If, 
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through lack of confidence on the part of investors, money can- 
not be had on reasonable terms, the cost of the service must 
increase. 

The relative value of men to society cannot be expressed as 
any function of their length, breadth, and thickness, but their 
value is a function of the saneness and fertility of their imagina- 
tion, of the confidence inspired by their honesty and ability, 
and of the results accomplished by their energy and enthusiasm. 
Similarly, the value of a utility to a community is not capable 
of full determination by measurement of physical dimensions 
of structures and the classification of materials, and the fixing 
of unit prices, and the use of an adding machine. Тһе highest ` 
dam or the largest area of reservoir, the longest canal or the 
longest transmission, do not necessarily give the best power 
system. The cost of a thing does not measure its value. Тһе 
boy who spends most money at college does not get the most 
education. Cashable ideas are not purchased by the pound 
or cubic yard. 

The value of a system is measured by what it does when com- 
pared with some other system, and by what the system does for 
the general good of the community. Апа what the system does 
for the general good depends on the ability and honesty of those 
directing the work, and on the imagination, ability, confidence 
and the enthusiasm with which the work is done. 

To promote the eagerness and ability on the part of the con- 
sumer and the company, which is necessary for the best interests 
of the business, we see, therefore, that ability, brains, confi- 
dence, and large experience are necessary, and we cannot get 
the same results by replacing these with ambition, brag, conceit, 
and by jumping at conclusions derived from wrong premises 
and without the test of experience. 

All of which, and more, is expressed by the axiom at the be- 
ginning of this paper, “ The best control of a public utility is 
that which develops an eagerness and ability on the part of the 
company to furnish the service, and an equal eagerness and 
ability on the part of the consumer to purchase the service." 


CONCLUSION 


It is believed that the success of the electric power business 
depends upon developing a diversified load. То obtain a diver- 
sified load it is necessary to have “class rates," іп order that the 
power business may be developed parallel with the lighting. 
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Class rates, as determined by the method described in this 
paper, it is believed, are equitable to all consumers and will 
result in the lowest rates to all consumers as business 15 developed. 

The eagerness and ability which it is desirable to treate on 
the part of the public utility company and the consumer, then, 
primarily depend upon two things: 

(1) Liberal rates of return on investment so that the com- 
panies will make extensions and economies. 

(2) Class rates determined by the method herein outlined, 
applied to develop all the possibilities of the business. 


Dp. SM UNE. T =. eet д. 
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THEORETICAL INVESTIGATION OF ELECTRIC 
TRANSMISSION SYSTEMS UNDER SHORT CIRCUIT 
CONDITIONS 


BY I. W. GROSS 


ABSTRACT OF PAPER 


The following features of a transmission system under short- 
circuit conditions are discussed: 

1. Mechanical forces between the phases of three-conductor, 
three-phase cables when carrying short-circuit current; also the 
forces between busbars are investigated. 

2. Тһе heating of the conductors of the cable from the instant 
of short circuit to a time 0.8 seconds later is traced analytically, 
during the transient state of the current, and typical computed 
heating curves are presented. 

3. The effectiveness of the method of placing reactors 
between generator terminals and the bus from which power is 
taken, and additional reactors between generators and an 
auxiliary synchronizing bus, is analyzed. 

4. This scheme is compared with the present well-recognized 
schemes of feeder and busbar reactors. 


HE rapid growth of central stations in recent years with the 
constantly increasing power concentrated on one set of bus- 
bars has made necessary some method of protecting the system 
as a whole, and also its various parts, in case of abnormal condi- 
tions on the line. Reactance, which formerly was stringently 
avoided in central station electrical apparatus, is now being al- 
most universally required in the apparatus itself, and in many 
cases additional reactance is supplicd by reactors external to the 
electrical units. 

In applying these reactors to central station design, much at- 
tention has been given, and scveral well-recognized schemes have 
been worked out and are now in operation. 

The parts of the high-tension system for which protection 
must be furnished under short-circuit conditions are as follows: 

1. Oil switches against absolute failure. 

2. Generators, transformers, busbars and underground cables 
against mechanical forces. 

3. All apparatus against overheating 

4. Тһе system as a whole against complete shut-down. 

Manuscript of this paper was received December 9, 1914. 
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A system desiyned to provide protection against any three of 
the above cannot be considered ideal if it fails in the fourth; and 
it is only by limiting the short-circuit current to such a value in 
different parts of the circuit as to eliminate the above controlling 
factors that the use of reactance can be regarded as fully effective. 


ULTIMATE OIL SWITCH CAPACITY 


In the case of oil switch breaking capacity, it is possible at the 
present time to obtain a guarantee for switches to clear any trouble 
on an 11,000-volt, three-phase svstem with a running capacity 
of 70,000 kv-a. and a reactance of 10 per cent; that is, a short- 
circuit current of 36,800 r.m.s. amperes. It is, therefore, as- 
sumed from the foregoing guarantee, that any 11,000-volt system, 
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where the short-circuit current does not exceed 36,800 amperes, 
will experience no inherent difficulty from oil switch trouble. 


MECHANICAL FORCES IN ELECTRICAL APPARATUS 


This phase of the problem has been given careful attention of 
late, especially in generators, with the result that generators are 
now being built with such mechanical rigidity that manufacturers 
maintain they will safely withstand the mechanical forces arising 
from dead short-circuit across their own terminals. 

Modern transformers, likewise, are being more substantially 
built, so that it is unlikely that mechanical rupture will occur 
in them before some other limiting features of the system аге 
exceeded. 

Underground cables and busbars are subject to even heavier 
strains than the generators themselves, and an analysis of these 
stresses is here given. 
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FORCES BETWEEN CONDUCTORS OF THREE-PHASE CABLE 


First, take a three-conductor cable, as shown in Fig. 1, with all 
three conductors equally spaced, and assume all three legs simul- 
taneously short-circuited, and the r. m. s. current equal in each 
phase. Then the force tending to repel any conductor in a 
direction at right angles to a plane passing through the other 
two may be computed as follows: 

Let the currents in all three phases, 1, 2 and 3, be sinusoidal. 


In Fig. 1, let z; = I, sin wt = instantaneous current іп 
phase 1. 

ee ТЕ sin ( wt + °=) 

13 = Im sin ( ot + i) 


I,- maximum value of sine wave. 


Then f,. ; 2 instantaneous force between conductors 1 and 3. 
fi E “ & “ “ 1 429. 
fo = " ы on conductor 1 perpendicular to 


plane A.B. 
fo = (fi-3 +fi-2) cos 30? 
fi-3 = k 1115/a. 


fi-2 = kı 1 12/0. 


k = numerical constant 
Fə = average force on conductor 1 perpendicular to 
plane А В. 
1 1 
"р Е ғ” 
Fy = IE 4 2a ШТІ 
0 0 
V3 
== — --- 2 
2а kA 
! Ге 
I =r.m.s. value of sine wave = —- 
v2 
nm = cycles per second. 
о = 2ти. 
If Foisinlb. per foot of cable and J in amperes 
k = 5.99 X 10,7 a being in inches. 
2 10-7 
Hence Fy = БАУЫН 10 lb. per foot (1) 


а (inches). 
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The negative sign appearing in the expression for the average 
force, Ёо, means that the conductors under study are subject 
to repulsion. Thus, in a paper-insulated, lead-covered cable, 


UMNESESESENSEMNE 
LLL LLL LIT 
кш Ж 


9000 


8500 


Repulsive Forces in Three-Phase Cable 
Undergoing Three- Phase 


POUNDS PER LINEAR FOOT 


ЕЕЕ 
LL LLL UA AZ 
CHEE > 


THOUSANDS OF AMPERES—R. M. S. 
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the force is exerted on the over-all wrapping around all three 
conductors and also on the lead sheath; and the tensile strength 
of the paper and lead must be sufficient to withstand the stress 
thus placed upon them. 
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On busbars this force tends to throw the busbar away from the 
center of the equilateral triangle (of which each busbar 15 а5- 


sumed to form one apex) and produces tension or compression 
on the busbar clamps, depending on the location of the insulators. 


al NE е и BN — Mo = КҮМІС 
Repulsive Forees in Three- Phase Cable 
| | = | Undergoing Three-Phase | 
7500 | =a pese Short Circuit. — — - с? Sate 
Applies Also to Triangular 
| | Spaced Busbars 
. 7000 | Em i E RISO CAM qr ыы ысы 


POUNDS PER LINEAR FOOT 


o 
— r 
= 


J 4 5 
INCHES BETWEEN CENTERS OF CONDUCTORS 
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From equation (1) the curves in Figs. 2 and 3 have been com- 
puted. The curve in Fig. 2 marked “ 0.9 inches between con- 
ductors ” represents the varying average force on one conductor 
of a three-conductor 3/0 В. & S. paper-insulated lead-covered 
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11,000-volt cable. For this particular cable, the insulation over 
each conductor was 7/32 inches, and the over-all paper wrapping 
was also 7/32 inches thick. 

The rapid increase in force as the current rises 1s apparent from 
the following: 


Current in 3/0 three-conductor cable Force per foot of cable 


20,000 amperes 208 pounds 
40,000 а 832 “ 
70,000 2 2,550 “ 
100,000 $ 5,200 “ 


At 20,000 amperes, the disruptive force is comparatively 
low, but rising in proportion to. the square of the current it 
reaches a value of over one ton per foot at 70,000 amperes and 
over 2.5 tons at 100,000 amperes. 

The busbars, due to the inherently greater spacing than the 
conductors of a cable, are subject to a much lower disruptive 
force per unit length, but on the other hand, since they are 
supported at only frequent intervals rather than continuously, 
as is a cable, the force on any support may become excessive. 
For example, with 20-inch triangular spacing, and 100,000 am- 
peres flowing in each bus, the force оп one phase is 100 lb. рег 
foot. With supports nine feet apart, the force on any one sup- 
port becomes nearly one-half a ton. 


FORCES WITH SINGLE-PHASE SHORT-CIRCUIT 


If the short-circuit is between only two line wires, instead of all 
three, then the average force per foot of line, for the same cur- 
rent value per wire as in a three-phase short-circuit, is 15.5 per 
cent greater. This is clear from the following analysis: Referring 
to Fig. 1, if the short-circuit takes place between phases 1 and 
3, then the currents in 1 and 3 conductors are equal and 


fi-s = — klm sin? ot. 
n E А . [Yn | 
Fy = dfi- = — — Г, sin? wid (wt) = Average 
ао) {отсе оп опе сол- 
ы T ductor—single-phase 
short circuit 
"TT 
а F.m.s5. 
Fy (single-phase) "n -K Ты - 2а 
Fo (three-phase) a V3 KE 


Е, = Fy x 1.155 (2) 
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If the forces in the curves of Figs. 2 and 3 are multiplied by 
1.155, they are applicable to cases of single-phase short-circuit 
currents, also to direct currents. The plane of maximum stress 
in the cable is no longer A B, as indicated in Fig. 1, but the plane 
А" В”, 30 degrees in advance of A В, and perpendicular to the 
line of centers of phase 1 and 8. 

It should be emphasized, however, that a system designed to 
have a maximum r. m. s. short-circuit current of say 70,000 am- 
peres per phase under three-phase short-circuit conditions will 
have less than 70,000 amperes on single-phase short-circuit, in 
fact, only 86.6 per cent of 70,000 amperes. And the maximum 
average mechanical force tending to tear the cable apart will 
likewise be only 86.6 per cent of the three-phase value. 

To show the relation between three-phase and single phase 
short circuits take 


E,~o= voltage from line to neutral in a three-phase system. 
Еу—= line voltage. 


Z = impedance per phase in short circuit path. 
F  - force tending to tear cable apart. 
Three-Phase Short Circuit. 
E 
I; = Z 
V3 кы 
Жет, (? 
Single-Phase Short Circuit. 
--Е. 2 | Eı—o Е1-о 
п = 27 = (5 = = 0.866 = 
? 
_ F. 1-0 
а а 4 ( Z ) 
Непсе S “a с = 
I; i 2 Z E1-9 


I, = 0.866 I (3) 


Е; == 0.866 Ез (4) 
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Thus, if the point of short circuit is fixcd 1n the system, a short 
circuit between all three phases gives a current and a mechanical 
force each 15.5 per cent greater than does a single-phase short 
circuit. But if the point of short circuit is varied in the system 
so that the numerical value of the r. m. s. current is the same for 
three-phase as for single-phase short circuit, then the stresses 
set up in cables and busbar supports will be 15.5 greater fora 
single-phase than for a three-phase short circuit. 

However, if the average stresses іп conductors undergoing 
short-circuits are determined for the maximum r.m.s. current 
obtainable in a three-phase short circuit, then these forces can- 
not be exceeded for any condition of single-phase short circuit 
that may occur on that system. 


FORCES ON BUSBARS SPACED IN А STRAIGHT LINE 


If the bus bars all be in the same plane, the average force 
acting on the top or bottom bar is only 86.6 per cent as great as 
if the bars were spaced at the vertices of an equilateral triangle. 
This relation can be shown as follows, using the notation on 
page 27 and the diagram in Fig. 4. 

The force on conductor 1 due to the currents іп 2 and 3 equals 

i n 


i + fi-s | h a 


fi-e = ай, G 
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F; = OE Ib. per foot (5) 


1915] GROSS: SHORT CIRCUIT PROTECTION 33 


(J in r. m. s. amperes—A in inches). 
From equation (1) 


_ 4.67 I? X 107 


Fy = force on conductor at vertex of 
or x equilateral triangle. 

Ғу К ° 

p^ 0.866 | (6) 


That is, for a given minimum spacing, A, between the nearest 
two conductors, the straight line arrangement gives only 86.6 per 
cent of the stress on busbar supports which exists with equila- 
teral triangular spacing. 

From equation (5), the curves in Fig. 5 are plotted. These 
are similar to those in Fig. 3, merely being reduced by the factor 
0.866, as is indicated іп equation (6). They represent the force 
acting on either the top or bottom busbar with the arrangement 
of buses shown in Fig. 4. "This force acts outwardly in both cases 
that is, in the plane of all three buses and away from bus No. 2. 

From the foregoing analysis, it is clear that if mechanical force 
in the conductors undergoing short circuit is the limiting feature 
of a system, in three-phase cables this may be controlled by re- ' 
ducing the possible current flow under short-circuit by use of 
reactors; or increasing the size of the cable and thus increase 
the spacing of the conductors. With busbars, the mechanical 
forces may also be decreased in the same way as above described 
for cables, and they may be further reduced by the method of 
arrangement, that 15 by placing the bars in the same plane rather 
than at the vertices of an equilateral triangle. 


HEATING OF CABLES DURING PERIOD OF SHORT-CIRCUIT 


Typical Short-circuit Current Waves. When short-circuit con- 
ditions occur on an alternating-current power system, the current 
does not drop into its steady state at once, but rather starts ata 
given value, depending on the instant of short-circuit, and falls 
off gradually until the induced voltage in the generators has been 
reduced by armature reaction to that value which will maintain 
in the short-circuit path the current which will keep the net 
generator field at the proper value for sustained short-circuit 
conditions. 

Two typical curves of short-circuit current in generators having 
10,000 to 30,000 kv-a. rating are shown in Fig. 6. The full line 
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curve placed symmetrically with respect to the zero line is the 
voltage wave of the machine undergoing short-circuit. The dot- 
ted symmetrical curve is the short-circuit current, provided the 
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instant of short-circuit occurs at a time when the voltage wave is 
а maximum ог ¢ = 0.02 seconds іп Fig. 6. (This assumes only 
reactance in the short-circuit path). 

The assymmetrical current wave in Fig. 6 represents the varia- 
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tion of current if the short circuit takes place at a time / = 0.01 
second; that is, at a time when the normal voltage is zero. The 
first peak value of this assymmetrical current wave is nearly twice 
the first peak value of the symmetrical current wave. But 
theoretically it can never be exactly twice the symmetrical value, 
being slightly decreased on account of the falling off of the ex- 
ponential current and further by the gradually decreasing voltage 
wave. The curves of Fig. 6 are plotted with arbitrary scales for 
а 25-cycle circuit, but from the limiting peak values there shown 
similar curves can readily be drawn for circuits of any frequency, 
voltage, and current. 

The large current rush at the instant of short circuit, taking 
place at normal generator induced voltage, represents an enor- 


Instant of Short Circuit, Symmetrical Wave 
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mous amount of power, and lasting for several cycles delivers a 
considerable amount of energy to the electric conductors under- 
going short-circuit and there will inevitably result a rise in tem- 
perature in the conductors. Since this energy is stored in the 
conductor in a comparatively short time, one second as an out- 
side limit, it is clear that very little radiation can occur in this 
brief interval, and consequently the conductor may have its tem- 
perature raised to such a point as to injure the cable insulation, 
or, if the current 1s great enough, even melt the conductor itself. 

To determine the heating effect іп conductors carrying short- 
circuit currents of the transient character shown in Fig. 6, the 
following analysis is given: 

First take the symmetrical current wave; that is, the one with 
its positive and negative waves approximately equal. 
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Let + = current at any timet. 

Em = peak value of voltage wave at any time. 

Eo т CoA 1 “ under sustained short 
circuit. 

Z = ohmsimpedance in short circuit path. 

€ = baseof hyperbolic logarithms = 2.718. 

В =A constant ‘depending on rate of decrease of 
generated voltage. 

R = ohmic resistance in short circuit path considered 

о -2тп 

n = frequency in cycles per second. 

К = anumerical constant. 

H = energy 

E;. = peak value of normal voltage wave. 

Theory 
. Es . 
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o H = СКА where С equals the above expression in 
brackets. 
CR 
е се watt seconds. (t in seconds, E in volts, R in 


ohms, and Z in ohms) 


Taking the specific heat of copper as 0.095. 
Resistance of copper 11.75 ohms per cir. mil ft. 
] B. t. u. — 1055 joules. 
Weight of copper 3.03 X 10-* Ib. per cir. mil ft. 
Hence deg. fahr. temperature rise 


C 3.86 x 10t 
oZ (C.M) 


2.143 C X 10% 
Temp. rise deg. cent. — “ә (CM (T) 


From equation (7) the curves of Fig. 7 have been computed. 
Ап 11,000-volt system was chosen, three-phase 3/0 B. & S. 
cable being assumed. Тһе numerical constants taken are as 
follows: 


Е, = 11000 V2 = 8970 volts. 
V3 
11,000 0.07 X 1.75 X 
0 = 3 v2 = 1100 volts. 


In determining Е, the generators short-circuited are assumed 
to have 7 per cent inherent reactance and a sustained short cir- 
cuit of 12 times mormal full load current. 

сіг. mils = 167,800 for 3/0 B. & S. cable. 


n = 25 cycles. 
В = 2.51 from Fig. 6. 


To determine Z, first assume the current for any temperature 
curve desired, e 000 amperes, for example. Then the r.m.s. 


phase valtage-s 20 above, ог 6350 volts divided by 2 gives 


s 
the r. m. s. amperes as indicated in Fig. 7. 
Thus SA 50,000 or Z = 0.127 ohms. 


2 
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This value of Z is then used in equation (7). Тһе curves of 
Fig. 7 have been computed on the assumption that no radiation 
of heat has taken place between the instant of short-circuit and 
0.8 seconds later, all the energy going into the conductor being 
transformed into heat and'stored in the cable as such. 

Assuming that the modern oil switch will clear trouble within 
0.18 seconds (43 cycles on a 25-cycle circuit) after short circuit, 
it will be noted that should the short-circuit current reach 40,000 
amperes (r.m.s. symmetrical) on the initial rush the temperature 
in any 3/0 conductors carrying such current would be increased 
approximately 155 deg. cent. At 45,000 amperes the temperature 


м | 


Temperature Rise of 3, 0 B. & S. Cable pm ша | 


Carrying Symmetrical Short- 
Circuit Current 
as Shown in Fig 6 
Time Counted from Instant of S 
' I 


TEMPERATURE RISE °C -SYMMETRICAL CURRENT WAVE 


ЕШ 
0.40 0.48 


TIME ІМ SECONDS 


Fic. 7 


rise is 195 deg. cent., and at 50,000 amperes 235 deg. cent. The 
melting point of copper is 1085 deg. cent., so the copper is in no 
danger of melting if the oil switch operates normally. On the 
other hand, temperatures as high as 200 deg. cent. may injure 
the cable insulation and later cause trouble from short circuits 
and will surely result in decreased life. 


HEATING OF CABLES CARRYING ASYMMETRICAL CURRENT WAVE 
To determine the heating effect of the asymmetrical current 
wave, it is merely necessary to follow the same general procedure 


as described above for the symmetrical wave. 
First, obtain the expression for the instantaneous current, then 
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square and integrate and convert to heat units, and then into 
temperature rise for any given size cable. | 

The notation is the same as that given under the analysis for 
heating with a symmetrical current wave, with the following 
additions. АП voltages, currents, and impedances аге per phase 
values. 


@ = а constant depending on the rate of falling off of 
the asymmetrical current over and above the rate 
of falling off of the symmetrical wave. 

A = aconstant depending on the instant of short circuit. 


= +— for maximum displacement of asymmetrical 
wave, — when the asymmetrical wave 15 ОП 
the negative side of the zero line and + 
when on the positive side of the zero line. 
Theory. 
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Denoting the right-hand side of the equation by D; 27%), 
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As in the symmetrical current wave, temperature rise deg. cent. 


_ 2.143 D X 104 
© wZ? (C. МУ? (10) 
This equation is similar to equation (7) and, in solving, the same 
circuit constants are used, with the addition of a, which has been 
determined as 8.65 from the curves of Fig. 6. 

From the above equation (10) the temperature rise curves of 
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Fig. 8 have been computed, and marked “ r.m.s. amperes.” То 
avoid any ambiguity as to the meaning of the term r.m.s. am- 
peres as applied to the asymmetrical wave of Fig. 6, take the 
following example. Let a three-phase, 11,000-volt generator be 
short-circuited across its own terminals. The phase voltage 
will be 11,000/4/3 = 6350 volts. . Let the impedance of the ma- 
chine be 0.127 ohms per phase. Then the r.m.s. short-circuit 
current is 6350/0.127, ог 50,000 r.m.s. amperes. Any 3/ 
conductor carrying this current will have its temperature in- 
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creased according to the temperature rise curve marked “ 50,000 
т. m. s. amperes " in Fig. 7, if the wave is symmetrically placed 
about the zero axis as the dotted curve in Fig. 6. 

If the short circuit takes place at such a point of the voltage 
wave that the current is almost totally displaced one side of the 
zero line as the full line current curve of Fig. 6, then the heating 
of 3/0 conductor carrying the 50,000 r.m.s. amperes asvmmoetri- 
cal as above indicated, will follow the temperature rise curve 
marked “ 50,000 г. m. s. amperes " in Fig. 8. 

Thus, by a simple application of Ohm's law to dctermine the 
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r.m.s. current, the heating of a 3,0 conductor with either the 
symmetrical or asymmetrical current wave, can be determined 
from Figs. 7 апа 8 respectively. Тһе curves in these last two 
figures apply only to 3/0 B. & S. cable and currents which de- 
crease in accordance with the current waves of Fig.6. However, 
by the use of equations (7) and (10) the heating produced by 
any symmetrical or asymmetrical current waves and for any 
size cable may be determined. . ; 

To compare the heating effect of the symmetrical and asym- 
metrical current waves for the same r.m.s. current, the two curves 
of Fig. 9 have been plotted. These curves represent the tempera- 
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ture rise for 50,000 amperes r.m.s. in 3/0 В. & S. cable. It will 
be observed that the heating due to the asymmetrical current 1s 
very much in excess of that due to the symmetrical wave. For 
example, in this case the relative heating with the same r.m.s. 
current is as follows: 


Secs. after short-circuit Asymmetrical Current Temp. Rise 
Symmetrical Current Temp. Rise. 
0.05 2.47 
0.10 2.20 
0.20 1.825 
0.40 1.52 
0.60 1.46 
0.80 1.425 


This relation between relative heating with the two types of 
current waves holds for all values of current, since at any partic- 
ular point of time the tcmpcrature rise is proportional to the 
square of the current, and this relation holds for each set of 
temperature rise curves. 

It will be seen from the above table that the ratio of tempera- 
ture rise for the two types of current curves is approaching a 
constant value of approximately 1.4. It is clear that the ratio 
cannot fall much below this value at any time greater than 0.8 
seconds, since the amount of energy stored in the cable as heat 
after this interval is comparatively small, due to the rapid falling 
off of the current. Further, it is probable that after one second 
radiation would materially affect the temperature of the copper, 
and analysis beyond this point must necessarily be incomplete. 

While the temperature rise of the 3/0 copper cable carrying 
short-circuit current is relatively high at reasonable values of 
current (465 deg. cent. at 50,000 amperes asymmetrical, and 
250 deg. cent. for the same symmetrical current at the end of 
0.18 sec.) there is still a means of materially and effectively re- 
ducing these temperatures in any new system, if possible tempera- 
ture rise is the limiting feature of the high-tension power circuit. 
This 1s by increasing the normal kilovolt-ampere rating of the 
underground cables. 

Referring to equations (7) and (10) it will be observed that the 
temperature rise is inversely proportional to the square of the 
circular mils of copper, that is, to the square of the cross-section 
of the conductor in which the short-circuit current flows. Thus, 
if the cross-section of the conductor is doubled, the temperature 
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rise is only one-quarter as great. From the relation between 
temperature rise and conductor cross-section given in equations 
(7) and (10), and the temperature rise curves of Figs. 7 and 8, 
the curves of Figs. 10, 11, 12 and 13 have been computed. These 
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show graphically the rapid decrease of temperature rise of the 
copper carrying short-circuit current as the circular mils of the 
conductor is increased. Figs. 10 and 11 represent temperature 
rise for various size conductors at the end of 0.2 and 0.5 seconds 
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respectively, when carrying an asymmetrical current wave as 
shown in Fig. 6. In Figs. 12 and 13 are shown similar curves for 


the symmetrical current wave of Fig. 6. 
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For illustration, take the temperature rise curves of Fig. 10, 
computed for an asymmetrical current of 50,000 amperes. 
If 3/0 B. & S. conductor carries the short-circuit current, its 
temperature will be raised 480 deg. cent. in 0.2 seconds. If the 
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conductor has a cross-section of 250,000 cir. mils the tempera- 
ture rise will be only 217 deg. cent., and if it has 300,000 cir. mils 
cross-section, the rise will be still further reduced to 150 deg. cent. 
in the same time. 

It has therefore been possible, as above shown, to reduce the 
maximum temperature rise in a conductor carrying short-cir- 
cuit current to within reasonable limits, by increasing the cross- 
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section of the cable. It may be maintained that the increased 
size of cable will reduce the total impedance in the short-circuit 
path and a larger current will flow than when using a smaller size 
cable. It should be borne in mind, however, that the maximum 
short-circuit current will obviously exist in a power system when 
the short circuit is nearest the power house, and the additional 
cable length in the short-circuit path, assuming the trouble to 
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occur at a short distance from the power house, will merely 
reduce the current below the maximum value which could exist 
if the short circuit took place at the power house. 

For example, if a given power system has a maximum short- 
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circuit current output of 50,000 amperes, with the short-circuit 
occurring just outside the feeder oil switch at the power house, 
any other location of trouble on that feeder will necessarily give 
a current smaller than 50,000 amperes; and this 15 true indepen- 
dent of the size of the feeders. If the short circuit should occur 
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several miles from the power house the impedance of the cable 
would materially reduce the current below 50,000 amperes, and 
the smaller the cable the greater would be this reduction. 

For cases of short circuit close to a power house using reactors 
to limit its abnormal current flow, the impedance of that part of 
the cable in the short circuit path is such a small percentage of 
the total impedance opposing the current flow that its value for 
any reasonable size cable is absolutely negligible. 

With the possibility of the destructive forces and temperatures 
in cables and busbars as computed above well in mind, it is now 
intended to show how these short-circuit currents may be effec- 
tively controlled. 


Use oF REACTORS IN LIMITING CURRENT FLOW UNDER 
SHORT CIRCUIT CONDITIONS 


Reactors, as mentioned in the earlier part of this paper, have 
recently been extensively used in reducing possible current flow 
into a fault, and several different schemes of arrangement in a 
power system have been devised and are now in use. 

The schemes of introducing reactance in the power circuits 
which are at present well recognized, are as follows: 

1. Reactance in generators and generator leads. 

2. Artificial reactance in the separate feeders. 

3. Reactance in the main power house bus between generators. 

Then, to be sure, there are various combinations of the three 
above schemes which can be used. 

There is, moreover, another system of arranging reactors in a 
power system recently brought to light by Mr. Stott and briefly 
described by him in discussing the paper of Messrs. Lyman, Perry 
and Rossman at the mid-winter convention, February, 1914. 
This scheme, upon analysis, has proved of such merit that 1t 1s 
here analyzed and discussed at some length. 

In general, the scheme consists of paralleling all generators 
through reactors on a synchronizing or transfer bus, and taking 
power through a separate sct of reactors direct from each genera- 
tor, rather than from the svnchronizing bus (what would ordi- 
narily be the main station bus). The scheme is shown diagram- 
matically in Fig. 14. For convenience of reference, Ze is called 
the generator reactance, either inherent, or inherent plus external. 
Zx is called the synchronizing reactance, being placed partly for 
synchronizing purposes but more especially to limit abnormal 
current flow, and Z, is called the feeder bus reactance, being in 
the path of direct feed from the generator to the feeder bus. 
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For purposes of analysis, a power house with an installed capac- 
ity of 180,000 kv-a. in 30,000-kv-a. generators, that is, six ma- 
chines, опу five being used at any one time, is taken. Also a 
system with a nominal voltage of 11,000 volts is used in deter- 
mining current flow, and 3/0 three-conductor 3217-kv-a. cables 
are assumed where considered in computations. All per cent 
reactance where used, except feeder reactance, is based on the 
maximum 30,000 kv-a. rating of one machine. For example, if 
Zs , Zc, or Zx is spoken of as say 3 per cent, it is understood that 
when any one of these reactors is carrying rated current of one 
machine the voltage drop across that reactor is 3 per cent of rated 
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ance of — 90000000 ” = 0.121 ohms. 


In speaking of feeder reactance, its value is based on the kv-a. 
rating of the cable. For example, a 5 per cent feeder reactance 
the feeder being rated at 3217 kv-a. has a voltage drop of 
(11,000/ V3) x 0.05 = 317.5 volts and а reactance of 

317.5 X 11,000 x V3 
3,217,000 


DETERMINATION OF SHORT-CIRCUIT CURRENT 


In determining the short circuit currents in the various net- 
works presented, the following equations were used. All equa- 


= 1.878 ohms. 
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tions are vector equations, but where the resistance involved 15 
negligibly small in comparison to the reactance, the equation may 
be solved algebraically and the resistance values ignored. This 
cannot be done in scheme S-2, and here the equation for the 
short circuit current must be solved vectorially. 
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The ratio of reactance to resistance in all reactance coils and 
in the generator itself has been taken as 21.5 where it was neces- 
sary to use the resistance values. 


Scheme 5-1. Fig. 14. 
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Scheme Е. Fig. 14b. Feeders open at substation end 
Ес 
2с 


жо p (16) 


Scheme F. Ғір. 14 b. Feeders paralleled at substation end 
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Scheme B. Fig. 14с. 
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Scheme 5-2. Fig. 14a Thirteen substations—5 feeders рег 
substation 
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E = generator phase voltage (line to neutral.) 
Z = impedance 
Equations (17) and (19) must be solved vectorially; as above 
noted, the others may be solved, without loss of accuracy, alge- 
braically, if the resistance r of any reactor having an impedance 


Scheme 5-1 Fig. 14 
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r + jx = Z,is small in comparison to the reactance x. This is 
true, in general, for reactors, namely r/x is negligibly small. 

The above equations were determined for the several cases 
by the simple application of Ohm's law applied to alternating- 
current circuits. 
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From equation (15) the short-circuit current curves of Figs. 15 
to 21 inclusive have been calculated. Figs. 15 to 19 inclusive 
show the effect of varying the feeder bus and synchronizing 
reactance Z,and Z, respectively, as the reactance of the machine 
varies from 5 to 25 per cent, inclusive. 

For example, with the 150,000-kv-a. running capacity assumed, 
suppose it is desired to limit the short-circuit current to 30,000 
amperes, the generators having an inherent reactance of 5 per 
cent. From Fig. 15, it is clear that this may be done by a variety 
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of combinations of feeder bus reactance and synchronizing re- 
actance, approximately as follows: 


Short-circuit | 
amperes % ZB % Zx | Total % Z 


ee bl 
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The total Z above is exclusive of the generator reactance. 
Similar examples can be taken for the curves of Figs. 16 to 19 
inclusive, if desired. From the above table it is clear that for a 
given short-circuit current, when the trouble occurs on the feeder 
bus, the least reactance is required when that reactance is placed 
between the feeder bus and the generator, that is,inZ,. This 
could have been easily foreseen, since it is clear that with a given 
reactance in use, the larger the amount in the path of the total 
current, the smaller will be that current. 

It is further obvious from the curves of Figs. 15 to 19 inclusive 
that the larger the feeder bus reactance, Zp , the smaller the effect 


Scheme S-1 Fig. 14 
urrent Through Feeder Oil Switch 
Five 30,000-kv-a. 11,000-volt three-phase generators 
on the line. 

Generator reactance Z4 = 10% 
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of the synchronizing reactance in further reducing the short-cir- 
cuit current. This is brought out by the curves іп Figs. 15 to 
19, where Zs = 10 percent. For example, in Fig. 15, with genera- 
tors having 5 per cent reactance and the feeder bus reactance 
10 per cent, the short-circuit current only decreases from 14,000 
to 11,500 amperes as the synchronizing reactance increases from 
zero to 10 per cent. 

When the feeder bus reactance 1s low the synchronizing re- 
actance is useful in reducing the current in short circuits which 
occur outside the feeder oil switch. But when the feeder bus 
reactance reaches 5 per cent or greater, the effectiveness of Z x 
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in further reducing current flow becomes practically nil. This 
statement is clearly borne out by a study of curves of Figs. 15 to 
19 inclusive and also in Figs. 20 and 21. Still using scheme S-1, 
the curves of Figs. 20 and 21 have been plotted from equation 
(15) (the dotted curves have been plotted from the following 
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equations: Fig. 20, amperes = E/Zs, апа Fig. 21, amperes 
= Е/2. + Е/2к). 


LIMITING EFFECTIVE VALUE OF Zg 


It is here shown in Fig. 20 that if the synchronizing reactance 
is not used the feeder bus reactance loses rapidlv in effectiveness 


56 GROSS: SHORT CIRCUIT PROTECTION [Jan. 8 


after 5 per cent isreached. The dotted curve represents conditions 
with an infinite generator capacity on the line and no synchroniz- 
ing reactance 2к used. The generators for this curve may have 
any reactance whatsoever. 
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LIMITING EFFECTIVE VALUE OF к 


From Fig. 21, it is clear that the effectiveness of Zy in reducing 
currents from short circuit beyond the feeder oil switch falls 
off rapidly after a value of 3 per cent 1s reached and for compara- 
tively large reactance in the generator, an increase above 1 per- 
cent in Zy 15 practically useless. 
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The dotted curve of Fig. 21 shows the limiting value of short- 
circuit current when there is an infinite generator capacity on the 
bus and all generators have 5 per cent reactance. If the genera- 
tor reactance were higher the limiting curve would be lower. 
The curves of Fig. 21 assume Z, equal to zero. 


Five 30,000-kv-a. 11,000-volt three-phase generators 
on the line. : 
Feeder bus reactance 2, = 0% 
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The use of the synchronizing reactance would at first seem some- 
what superfluous when the feeder bus reactance is used, but it is 
located not only to reduce the current in a short circuit which 
occurs at the power house beyond the feeder oil switch but also to 
reduce the current should the short circuit occur on the synchron- 
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izing bus, and further to limit the current flow in the event of 
poor synchronizing. 

The effectiveness of “кіп reducing the maximum current flow 
when the fault occurs on the synchronizing bus is shown graphi- 
cally in Fig. 22. With 2; = 3 per cent and generators having 
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5 per cent reactance, the current is reduced from 157,500 to 
99,000 ampcres. Machines having 7 per cent reactance have a 
current reduction from 112,500 to 79,000 amperes. With the 
5 per cent reactance machines there has been a 37 per cent cur- 
rent reduction; with the 7 per cent reactance generators, a 30 
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per cent reduction by the use of the 3 per cent synchronizing 
reactance. 

While the currents shown in Fig. 22 are comparatively large, 
_it should be observed that these currents cannot exist in any one 
conductor since they represent the total instantaneous output 
of the five machines. Thus the largest current which can exist 
in any one conductor is 4/5 of the values shown in Fig. 22. 
Further, this current does not exist in the cable line but circu- 
lates only in the machine and synchronizing bus circuit. 
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Poor SYNCHRONIZING 


As mentioned earlier in this paper, the purpose of Zx , the synch- 
ronizing reactance, is partly to furnish protection against short 
circuits on the system and partly to be of aid in limiting current 
in times of poor synchronizing. If four machines should be 
running and the fifth then put on the line 180 electrical degrees 
out of phase, the upcoming machine would have circulating 1п its 
windings a current considerably in excess of its maximum short- 
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circuit current, provided no synchronizing reactance Zk is used. 
The effectiveness of Zx in reducing this current is shown graphi- 
cally in Fig. 23 for various values of generator reactance, when 
one machine is thrown on the line both 180 electrical degrees out 
of phase (dotted curves) and also for 30 degrees (full line curves). 

Should it be desired to raise the value of Zx so that the maxi- 
mum current which can flow in any generator thrown on the line 
180 degrees out of phase is equal to the normal short-circuit 
current of one machine, it can be shown that the value of Z, 
bears a fixed relation to the generator reactance depending on the 
number of generators on the line. 


Let E = rated phase voltage = = for 11,000-volt system. 
I; = circulating armature current in machine thrown 
on line 180 electrical degrees out of phase. 
2с = percent generator impedance. 
Zk = percent synchronizing impedance. 
I; = normal short circuit current of one machine. 
п = number of generators running after “ out of step ”’ 
machine has been put on line. 
Then 
i, = CHER, 2 сәз Upcoming generator 180 
Zo + Zx+ 26+ Z< electrical degrees 
nm —l  outof phase. 
-E 
e 7% 


Or, if Iz is to equal Is , 


Е/2 = 2Е/ (2 + Zx + dx 
Simplifying 
пе Z: (12) 


n 


-In this equation n obviously cannot be less than 2. 
For 120 electrical degrees between upcoming machine and line 
voltages ; 


— 0.732 n — 1.732 
i " 


` 


Zx Z (13) 
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and for 90 deg. phase displacement 


. 2, = = n — 1.414 )z. (14) 


n 


From equations (12), (13) and (14) the curves of Fig. 24 are 
drawn. These curves show the relation between the value of Zx 
and Ze for a different number of machines running. Clearly this 
relation is independent of the kilovolt-ampere rating of the ma- 
chine or its per cent reactance. 


Scheme S-1 Fig. 14 
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With a small number of machines running, five for example, Zx 
need not exceed 0.6 Z,for protection of generators against me- 
chanical injury due to the worst possible conditions of poor 
synchronizing. Thus with generators having 7 per cent inherent 
reactance the synchronizing reactance need not exceed 4.2 per 
cent for absolute protection to the generators. This assumes, 
of course, that any machine may safely withstand dead short cir- 
cuit at its own terminals. 

It is of interest to note that the lower the inherent reactance of 
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the generators the lower will be the value of Zx , and for purposes 
of easy distribution of load between the several generators when 
the load decreases and one or more generators are taken off the 
line a low value of Zk will causceitherthe voltage on the feeder bus 
now not fed directly by a generator to fall, or the power factor 
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of the load taken from this feeder bus to be changed. For the 
best distribution of load and the most nearly constant value of 
voltage at different feeder buses, the lower Zx 15, the better. 

To compare this scheme, S-1, of using feeder bus reactances and 
synchronizing reactance, with feeder reactance, scheme F, shown 
in Fig. 140, and with bus reactance, scheme В, shown in Fig. 14с, 
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the curves of Figs. 25, 26 and 27 have been computed. The same 
system of five 30,000-kv-a. 11,000-volt generators has been 
assumed. 

From Fig. 26 it is seen that with generators having a 5 per cent 
reactance, a feeder reactance of 1 and 1.5 per cent reduces the 
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current to values of]15,500 and 10,000 amperes respectively, and 
further it is clear that nearly the entire drop occurs in the feeder 
reactance, especially when the generator reactance is low. There 
are, however, two disadvantages of this scheme: 

1. When a short circuit occurs on the bus, the current flow be- 
comes enormous; the bus voltage drops to zero and all synchron- 
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ous apparatus is certain to drop out of step if the trouble is not 
instantly cleared. 

2. When a machine is put on the line out of phase, there is no 
means of limiting the current in the synchronizing circuit. 
(See Fig. 29). Both of these objections may be overcome in 
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scheme S-1. The advantage of this scheme F is that when trouble 
occurs outside the feeder oil switch the trouble is localized in the 
feeder experiencing conditions and may be quietly cleared from 
the line, without a shock to the entire system. 

Bus reactance as shown in scheme B is analyzed graphically 
in Fig. 27. Suppose, for example, it is desired to limit the short- 
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circuit current on a feeder to 25,000 amperes. This can be done 
in scheme B by using generators have 12 per cent reactance, and 
bus reactances between machines of 25 per cent. {In scheme 
S-1 this can be accomplished by a generator reactance of 7 per 
cent, a feeder bus reactance of about 4 per cent and a synchroniz- 
ing reactance of 2 per cent. Should the trouble occur on the 
synchronizing bus in scheme S-1, the current would rise to 87,500 
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amperes (Fig: 22); but this current would not pass through any 
one oil switch or small cross-section cable. The maximum cur- 
rent obtainable by the use of bus reactance would in this case be 
25,000 amperes. Thus, the busbar reactance scheme reduces the 
shortecircuit current to a low value, but at the expense of a large 
reactance in the circuit. 

Another disadvantage of busbar reactance is that under cer- 
tain conditions of operation it would be necessary to feed through 
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four of the bus reactances, thus producing considerable difference 
of voltage along the bus. Scheme S-1 with its 7, 4 and 2 per cent 
reactance would be little affected by drop in voltage from one 
feeder bus to another. 


EFFECT OF PARALLELING FEEDERS AT THE SUBSTATION END 


In scheme F, it is interesting to note (from Fig. 28) that the 
short-circuit current through the power housc feeder oil switch 
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is less when the feeders are paralleled at the substation end than 
when opened. This at first seems surprising, but on analysis 
the reason is obvious. The kilovolt-ampere output of the genera- 
tors is greater when the feeders are paralleled at the substation 
end since the path of one feeder reactance in parallel with other 
circuits to the substation end of the affected feeder and back to 
the points of short circuit is less than the impedance of one feeder 
reactance alone. Therefore the current output of the generators 
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is greater, and this current flowing through the generator react- 
ance gives a lower bus voltage than when the feeders are not paral- 
leled at the substation.: This lower bus voltage impressed across 
the given feeder reactance therefore produces less current through 
the feeder oil switch. And if the breaking capacity of the oil 
switch or heating of the cables are the limiting features of the 
system, better results can be obtained by paralleling the feeders 
at the substation than by leaving them open, in scheme F. 

A word of warning should be given in using the expression 
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“kilovolt-amperes generated at short-circuit;" for, as above 
shown, the strain on the feeder is less as the kilovolt-amperes 
generated at instant of short circuit 1s increased. 

In scheme S-2 great flexibility of operation can be gained by 
running, to any one substation, feeders from cach separate feeder 
bus. If one bus is now in trouble due to short circuit it 1s pos- 
sible by the use of selective relavs to clear that feeder bus of 
feeders, and by this arrangement any substation will lose 
only one feeder. A substation having five feeders, for example, 
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one to each feeder bus, will lose 20 per cent of its cables, thus im- 
posing 125 per cent load on the remaining cables. In this way 
service would continue on the system uninterrupted. 

Under short-circuit conditions (scheme 5-2, Fig. 14a), however, 
the current is very much increased, as is shown by the curves of 
Figs. 30 and 81. It is clear, that if it is necessary to limit the 
short-circuit current in a feeder to 30,000 amperes, it 1s impossible 
to interconnect the feeder buses through substation feeders, as 
in Fig. 14a, with any reasonable value of Zs , (machines assumed to 
have 7 per cent reactance). 


Scheme 5-2;8-1. Pigs. 14a and 14 
Effect of Interconnecting Feeder Busses 
Through Substation Busses. 
Current Through Feeder Oil switch 
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Synchronizing reactance Z, = 6% 
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Another advantage of these schemes S-1 and S-2, as here pre- 
sented, is that very low reactance can be used in the generator, 
in fact as low as mechanical protection to the generator itself 
justifies. The lower the generator reactance, the higher Zs 
can become for a given reactance іт the path of direct feed from 
generator to feeder bus, and the higher will be the bus volt- 
age on the unaffected feeder buses. This results in less possi- 
bility of synchronous apparatus dropping out of step at the instant 
of short circuit. 

SUMMARY AND CONCLUSIONS 


It has been shown in this paper that the average mechanical 
forces existing between conductors of a three-phase cable carry- 
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ing short-circuit currents, and betwecn busbars, rise to relatively 
high values at the instant of trouble. These forces can be re- 
duced in cables by either limiting the current or increasing the 
distance between conductors. The same applies to busbars, and 
іп addition, the position of the busbars can be adjusted by 
placing them in the same plane so that the mechanical forces may 
be considerably reduced. 

The heating of cables may be the limiting feature in control- 
ling short-circuit current, since it is quite possible for the tempera- 
ture of the conductor to rise to such a point as to endanger the 
insulation of the cable суеп in the very short time that 1% takes an 
oil switch to operate after the short circuit has occurred. With 
the characteristics of the generators under short-circuit condi- 
tions known, it is possible to compute the temperature rise, 
even although the current is of transient character. 

In using reactors to limit the current flow on a power system, 
the method of plain feeder reactance is not fully effective, as 
trouble on the main station bus is almost certain to cause to drop 
out of step all synchronous apparatus on the system. Further, 
this method offers no protection to machines against poor syn- 
chronizing. 

Station busbar reactance is effective under short-circuit condi- 
tions, but under normal operation is objectionable on account of 
the large voltage drop in transmitting power from one end of the 
bus to the other. 

The scheme of feeding from the machine terminals, and 
paralleling generators on a separate bus, as brought to light by 
Mr. Stott, 1s extremely flexible and very effective in furnishing 
protection. It can limit the current to a safe value without an 
excessive amount of reactance 1n the circuit; it can protect the 
machines against mechanical injury due to poor synchronizing; 
and can transmit power from between different points of the bus 
with far less voltage drop than with the bus reactance scheme. It 
makes possible the use of generators having a low inherent react- 
ance, provided, of course, the machine is designed to withstand 
dead short circuit at its terminals. Further, the lower the react- 
ance of the generator the less possibility there is of the syn- 
chronous apparatus on the system dropping out of step due to 
reduced power house voltage. 

The possibilities of this system are as vet probably not fully 
realiz»d. 
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DiscussioN ON “ VOLTAGE TESTING OF CABLES" (MIDDLETON 
AND Dawes), Detroit, Місн., JUNE 25, 1914. (SEE 
PROCEEDINGS FOR JUNE, 1914.) 

(Subject to final revision for the Transactions.) 

W. А. Del Mar: The factor of safety of an insulated wire 
or cable, being the ratio of the breakdown voltage to the normal 
operating voltage, cannot be determined experimentally without 
testing the insulation to destruction. It can, therefore, never 
be definitely known in practise, although susceptible of approxi- 
mate predetermination in the absence of faults, by calculation 
based upon tests. If, however, we define the factor of assurance* 
of an insulated wire or cable as the ratio of the test voltage to 
the normal operating voltage, we can provide an experimental 
basis for the comparison of voltage tests. "Thus, if a cable for 
operation at 11,000 volts is tested at 25,000 volts, we have a 
factor of assurance of 2.27. If the breakdown voltage is 75,000 
volts, the factor of safety 15 6.82, and the ratio between the 
safety factor and the factor of assurance is 3.0. 

Two principles are now contending for recognition in the 
standardization of voltage tests. Опе is that insulated wires 
and cables should be tested to give a fixed factor of assurance, 
and the other that they should be tested to as high a voltage 
as they will stand without injury to any part of the insulation 
which тау be frec from defects. Тһе latter principle 15 equiva- 
sent Lo a fixed and small ratio between the factor of safety and 
the factor of assurance. 

Mr. Middleton recommends the latter principle, and I believe 
that he is right for the following reason: If a detect exists in 
the insulation of a wire or cabic it mav not be revealed by a 
lest voltage two or three times the working voltage, but may 
cause a breakdown in service after the cable has been subjected 
to the strains of installation and operation. Hence a test which 
provides an apparently ample factor of assurance may not be 
sufficiently severe to assure the greatest reliability of operation. 
If, on the other hand, the breakdown voltage is calculated from 
the known diclectric strength of the insulation, a test voltage 
can also be calculated which will eliminate defects without 1n- 
juring those parts of the insulation which are free from defects. 

At high voltages, these two principles lead to the same results, 
as the thickness of insulation is usually proportioned to give a 
reasonable factor of assurance. 

Working on the principle outlined above, the Wire and Cable 
Committee of the Association of Railway Electrical Engineers 
arrived at the following test voltages, which are somewhat 
lower than these given by Mr. Middleton. These test voltages 
are given in Tables I and II and Fig. 1, herewith. The dif- 
ference may be partly due to the fact that most of the manu- 
facturers have testing generators with less perfect characteristics 
than the one described in the paper under discussion. 


— *Proposed by Mr. Е. q: White and incorporated in Standardization 
Rules of A. I, E. E. 1914. 
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The voltages in Table I were calculated by a formula similar 
to Mr. Middleton’s except that the effective thickness of insula- 
tion was assumed to be slightly less than the nominal thickness, 
due to irregularities in manufacture and installation. An 
example of the former type of irregularity is the eccentricity of 
the insulation with respect to the wire, and of the latter, the 
reduction of insulation thickness on the outside of bends. 


TABLE I. 
Test VOLTAGES, KILOVOLTS 
Five MINUTE TESTS 


30 percent Hevea Rubber Compound—Use 100 per cent of following voltages. Varnished 
Cloth—Use 75 per cent of following voltages. Impregnated Paper—Use 75 per cent of 
following voltages. | 


= — —— —— —ə— иә 


Siz of Thickness of Insulation, 64th Inch. 
Conductors. 2 | 3 | 4 5 6 7 8 10 
18 A. W. G 1.0| 2.5' 45| 5.5] 6.5 7.5| 8.5 | 10.5 
16 1.01 25 4.5] 551 6.5| 7.5| 8.5 | 10.5 
14 2.5, 50| 60! 7.0] 8.0] 9.0| 11.0 
12 2.5!) 5.0| 6.0] 7.5| 8.5] 9.5] 11.5 
10 30! 5.0!) 6.5| 80| 8.5] 10.0 | 12.0 
8 3.0, 50| 70| 8.0| 9.5 | 11.0 | 13.0 
6 5.0! 6.5 | 8.5 | 10.0 | 11.5 | 14.0 
4. | 4.51 6.5| 8.5 | 10.0 | 11.5 | 14.5 
2 40| 6.0] 8.0] 10.0 | 12.0 | 15.0 
1 i 4.0] 6.0] 8.0 | 10.0 | 12.0 | 15.5 
0 5.5| 8.0 | 10.0 | 12.0 | 15.5 
00 5.0| 7.5] 9.5 | 11.5 | 15.5 
000 | 5.0| 7.5| 9.5 | 11.5 | 15.5 
0000 | 4.51 7.0] 9.0 [11.5 | 15.5 
250,000 сіг. mils 4.0 6.5 9.0 | 11.0 | 15.5 
500,000 | 2.5| 5.0| 7.5 | 10.0 | 14.5 
750,000 6.5| 9.0 | 14.0 
1,000,000 5.5] 8.0 | 13.0 
| 1,250,000 7.5 | 12.5 
| 1,500,000 | 7.0 | 12.0 
| 1,750,000 6.5 | 11.5 
2.000,000 5.0 | 10.5 


(For intermediate sizes use the voltages corresponding to the next larger size, having 
the same thickness of insulation.) 


TABLE II. 
Test VOLTAGES, KILOVOLTS 
. Thickness of Insulation, 64ths Inch. | 
12 | 14 | 16 | 18 | 20 | 22 | 21 | 26 xdi 


—— | ——sS< ar D-. | —— | ——— | ——— | —— —— MM e— 


6-5A.w.g......... Rubber............ 16 | 18 | 20 | 22 | 23 | 25 | 26 | 28 | 29 
V.C. or Paper...... 15 | 17 | 19 | 21 | 23 | 26 | 28 | 30 | 31 
4-2 A.w.g......... Rubber............ 17 | 19 | 22 | 24 | 25 | 26 | 28 | 20 | 30 
V.C.orPaper......| 15 | 17 | 20 | 23 | 25 | 28 | 30 | 32 | 34 
1-0000 A.w.g...... Rubber............] 18 | 21 | 23 | 25 | 27 | 28 | 30 | 31 | 32 
V.C. or Paper...... 16 | 19 | 22 | 24 | 27 | 30 | 32 | 34 | 36 
250.000 cir. mils Rubber............] 19 | 22 | 24 | 26 | 2R | 30 | 31 | 33 | 34 


and larger......... V.C.orPaper...... 17 | 20 | 23 | 25 | 28 | 31 | 33 | 36 | 38 
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While the logarithmic formula is useful in calculating the test 
voltage for a given size of conductor and thickness of insulation, 
it is dangerous for calculating the thickness of insulation for a 
given working voltage, as mechanical considerations generally 
dictate the use of more insulation at low voltages than is indi- 
cated by considerations of dielectric stresses. The requirements 
of the National Electrical Code for wire insulated for 0 to 600 
volts represent the results of experience as to the minimum thick- 
ness of insulation which has been found necessary in practise. 
The thickness should seldom be less than required by the Code 
and should sometimes be more, regardless of voltage. 

It should be noted that the formulas given in this paper do 
not take into account the difference in dielectric stress due to 
the size of strands in the cable. This has been treated by Prof. 
Levi-Civita in a paper by E. Jona in the Transactions of the 


THICKNESS OF INSULATION, 64th INCH 
Fic. 1 


International Electrical Congress, 1904. It would be interesting 
to hear whether Mr. Middleton’s experiments agree with Prof. 
Levi-Civita’s calculations. 

I regard the paper by Messrs. Middleton and Dawes as one 
of the most important that has ever appeared on this important 
subject and believe that it will exert a strong influence in the 
rational standardization of voltage tests of wires and cables. 

С. O. Mailloux: On the second page the authors speak of 
paper as an insulation for wires and cables. There is a third 
method of making high-tension cables, which consists in wrap- 
ping the conductor with a previously prepared paper. The 
paper, which is first treated with an insulating compound, is 
wrapped into rolls; and then the conductor strand from which 
the cable is to be made is wrapped around with this treated 
paper to the proper thickness, after which the cable covering 
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is placed on the whole. The cable is then submitted at once 
to the proper test. The process is shorter and simpler, and less 
expensive than the other processes of preparing the cables with 
dry paper, subjecting them to a vacuum, and then treating them 
with compound. There is an English firm which makes high- 
tension cables according to that process. I understand they 
have given satisfactory results, though I am not informed as 
to the comparative results. It would seem that if the method 
lends itself to the preparation of insulated cables for high ten- 
sions, and if such cables can withstand high tensions, the process 
would have some advantages: One could make sure more easily 
that every portion of the insulating material would be properly 
treated with the compound, and also that all of the defective 
parts of the insulated paper were eliminated or removed. On 
the other hand, there is the difficulty resulting from the possi- 
bility of entrained moisture at the time of laying the insulating 
paper around the conductor. It would seem very difficult, in 
an ordinary atmosphere, to keep out dust and also moisture, 
so that, as the insulated paper is wrapped around the conductor, 
one might easily understand that there would be air bubbles, 
particles of dust, and particles of moisture imprisoned in the 
cable, whereby the quality and the durability of the insulation 
would be impaired. 

Henry G. Stott: I was about to call attention to the point 
that Mr. Del Mar brought up in his discussion, which is that 
it may be open to inference from the statement here that if 
there is a large diameter, it would be feasible to reduce the 
thickness of the insulation. I do not think the authors desire 
to convey that idea, but it may be drawn as an inference from 
this paper that it could be done. From a purely electrical 
standpoint it could, but from a mechanical standpoint we must 
have heavier insulation with a large conductor than with a small 
conductor. That should be emphasized, as some might take 
advantage of the curve to say that they could reduce the insula- 
tion on 500,000-cir. mil cable, but if they did so, they would 
get into trouble later on. 

On page 995, at the bottom of the page, is a paragraph on 
over-stressing cables. Тһа% is a point we have heard a great 
deal about in the last fifteen or twenty years. We have had 
in use now several hundred miles of cable over 15 years. "These 
are all high-tension cables, and they are put under tests at 
2.5 times working potential once a year. There is not the 
slightest sign of deterioration in the cable, after fifteen years’ 
use. In fact, some of these cables were originally designed for 
use on 6600 volts, and are now being used on 11,000 volts, and 
in spite of this we have had this 2.5 times pressure test on them 
once every year, and many of them have had it as many as eight 
or ten times a year, due to cable changes, etc. Each time the 
cable is cut for any purpose, it receives the breakdown test, and 
once a year on general principles it receives a breakdown test. 
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We should prefer to have the cable break down on test, rather 
than in practical operation. While theoretically there may 
be some result of over-stressing of cables, vet practically, based 
on fifteen years’ experience, with many hundreds of miles of 
cables, we have not yet found that to be so. 

E. E. F. Creighton: I should like to ask Mr. Middleton 
something of the theories—he said there were manv—to explain 
why a short piece of cable will stand so much more potential 
than a longer piece. 

Charles L. Fortescue: I want to call attention to the very 
common mistake in attributing the third harmonic distortion 
of the transformer to the hvsteresis. The distortion in the 
transformer is directly due to the cyclic variation in permeance, 
a small part of which is caused by hysteresis. Hysteresis pro- 
duces no distortion. 

In connection with the proposcd method of measuring maxi- 
mum voltage of high potential, Mr. Chubb and I at last year's 
mid-winter convention described a method of measuring the 
maximum value of the wave on the high-tension side, using a 
condenser. Тһе average value of the charging curreni of the 
condenser across which high voltage is impressed is directly 
proportional to the product of the maximum voltaye and the 
frequency of the impressed wave. This is a very simple way of 
measuring the maximum value, and it is quite reliable. I do 
not think a method of measuring the maximum value of the 
wave which requires a voltage transformer is reliable. The 
fact that a sine wave generator is used docs not prevent third 
harmonic distortion in the step-down transformer itself, which, 
due to its distributed capacity and inductance, may be quite 
large. 

The third harmonic distortion due to the step-up transformer 
will also be enhanced when transformed by the step-down 
transformer, so that as a means of measuring the maximum 
of the secondary voltage of the step-up transformer the pro- 
posed method will not lead to correct values. It is better to 
measure the maximum value directly by the method we have 
described or else by some modification, such as that described 
by Dr. Whitehead in his paper presented yesterday (The Electric 
Strength of Air— V). 

Some question has been raised as to why long cables break 
down on test more easily than short cables. I think this is 
due to the combined effect of the distributed capacity and self- 
induction of the cable. When the voltage is supplied to the end 
of the cable, which is usually coiled on a spool, the actual aver- 
age voltage in the cable, in the case of a long cable, is much 
higher than the voltage at the end, due to the effect of distrib- 
uted capacity and inductance. It may, in long cables, be 
15 or 20 per cent higher at the end of the cable than at the point 
where the voltage is applied. I think this may possibly be 
the reason why a long cable breaks down more easily than а 
short cable. 
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Percy Н. Thomas: I will ask Mr. Middleton a question. 
He has discussed the effect of the third and other harmonics 
оп the maximum voltage which may be impressed on a cable. 
It occurs to me that there is another effect of the high frequency 
which may possibly be important, and that is its heating effect. 
The insulation of an underground cable is stressed very high. 
The alternating electric stress causes a certain amount of heat- 
ing within the material. That heating at 60 cycles, we will 
say, is almost періріМе. At 180 cycles, ог 200 or 300 cycles, 
that heating may be very important. A third harmonic, or 
fifth harmonic, so located with regard to the fundamental as 
to reduce the voltage peak, might develop heat enough within 
the dielectric, especially at any peak point, to raise the tem- 
perature to the puncturing point. I would like to know if any- 
thing has been done along that line of investigation. 

The other question is about the puzzling fact that a long cable 
apparently breaks down at a lower voltage than a short cable. 
I would like to see two tests made, one with an outfit such as 
described by Mr. Middleton, comparing a long length with a 
short length cable, and a second test comparing a long length 
with a short length of cAble, made according to Mr. Stott’s gener- 
ator method. Tested by the former method, vou might find a 
marked difference between the voltage of failure in the short 
and long length of cable. Tested by the large generator, on 
the other hand, you might find there was not so much difference. 
This matter of the distortion of the wave by the large charging 
current of the iong cable with the possible introduction or 
magnification of the high-frequency harmonics, may mean that 
there is produced a high-frequency effect in the test of the long 
cable, which does not exist with the short cable. 

Т. R. Craighead: In respect to obtaining a voltage supply, 
a generator which gives a sine wave is the most satisfactory, 
provided it will maintain the sine wave under testing conditions, 
but as the author states, those generators are rather rare, espec- 
ially when loaded on a capacity load of pretty near their limit. 

There is an alternative way which consists in using any 
ordinary line potential of a normal commercial wave form, and 
with a sufficient power, so that the capacity effect on the line 
wave is absolutely negligible. If this is taken through a trans- 
forming outfit of considerable reactance, jt is not difficult to 
obtain a wave which more closely approaches a sine than the 
line wave itself. "This was tried out to some extent in the high- 
potential testing of large turbine generators, obtaining by the 
oscilograph the wave forms on the high-and low-tension sides 
of the step-up transformer, and also the line wave, back of the 
regulating apparatus. For most large capacities it is not very 
difficult to get the correct amount of reactance so that the 
wave form across the machine under test is satisfactory. 

In regard to the voltmeter described, the use of the oscillo- 
graph for this purpose was described and the suggestion of an 


76 VOLTAGE TESTS ОЕ CABLES [June 25 


elementary oscillograph-voltmetcr was made in a paper by Mr. 
L. T. Robinson and Mr. J. D. Ball presented two years ago at 
the Boston convention, entitled Permeability Measurements 
with Alternating Current. 

W.I. Middleton: The point brought up by Mr. Stott and 
Mr. Del Mar is very well taken. We should possibly have 
mentioned the fact that we could not depart from the Under- 
writers’ specification. We realize that the heavy conductor 
does require a thicker wall of insulation for mechanical purposes, 
and that we did not mention this specifically, was an oversight 
on our part. 

In regard to the long and short lengths of cable, and the 
difference in their ability to withstand voltage strain and test, 
I too am looking for information. We had an interesting paper 
in New York last winter on the testing of cambric insulation 
with different size electrodes, and I must say that Mr. Farmer's 
experience with electrodes bears out my experience with the long 
and short lengths of cable. Further, some time ago there was 
a paper written, I think by Mr. Moody, on some corona tests, 
and it was then found that, with a short length of bare wire, 
corona started at a much higher voltage than it did with a long 
length. So apparently the same phenomenon occurs here as 
in other insulating materials, which, to my belief, breaks down 
the law of probability. 

Mr. Thomas spoke about the long and short lengths of cable 
and also mentioned the effect of heating. We have tried to be 
very careful about this matter of heating, and so have recom- 
mended short period testing. Many tests require only one 
minute. We usually ask for five-minute tests, as we believe 
{Һас this eliminates the question of heat. Then, again, these 
cables are generally submerged іт water when they are under 
test, and the question of heating, under those circumstances, 
I believe, is almost entirely eliminated. 

When a Jong time test js attempted a multitude of different 
factors are encountered, and the effect of ozone generated at 
the ends of the cable, which attacks the rubber insulation, gives 
rise to a lot of theories regarding the piling up of voltage on 
the ends of the cable, etc. We have tried to eliminate these 
factors in our regular practise, realizing that we are obliged to 
make many tests in the course of the day, and all of this work is 
carried out on commercial lengths of cable, as they pass through 
the test room of the factory. 

Chester L. Dawes: In regard to Mr. Stott’s remark as to 
the application of this formula to the calculation of the wall 
of the insulation, mechanical as well as electrical considerations 
must necessarily be taken into account. When the cable is 
once designed, the wall being of the proper thickness to take 
care of the mechanical and electrical stresses to which it will 
be subjected in service, the test voltage should be determined 
by this formula or one that is its equivalent, in order to be cer- 
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tain of breaking down any defects which may exist іп the insula- 
tion. ; 

As to Mr. Fortescue's remarks, I agree with him that the third 
harmonic is also due to changing permeability, but hysteresis 
necessarily represents changing permeability. If the iron 
could operate without hysteresis, the third harmonic might yet 
be present, of course. 

The method which he suggests for measuring the peak voltage 
I admic is correct, but it must be remembered that a device to 
be used in the test room should be direct-reading and capable 
of being used and used ;apidly by a testing room employee. 

Referring to the distortion of the voitage wave through the 
potential transformer, we took one oscillogram on the primary 
of the step-up transformer, and another one on the secondary 
of the potential transformer, thus stepping-up and stepping- 
down, and we could discern no difference іп the oscillograms. 


Fic. 2 Fic. 3 


We had a very distorted wave under these conditions. Fre- 
quently we have looked into the oscillograph, without taking 
records, and have never been able to discover any difference 
between the wave form on the primary and that taken from the 
potential transformer secondary. 

To have the voltage p'le up in a long length of cable, induct- 
ance must be present. When the cable is installed, the induct- 
ance is very small, and, therefore, the probability of the volt- 
age piling up is very slight. 

In regard to Mr. Craighead's suggestion as to obtaining a 
sine wave with reactance, I assume that he means connecting 
the reactance in series with the transformer primary. This 
method could not be used in the test room, because it is too 
unstable a combination; and the operator would not readily 
understand how to adjust for a sine wave under each set of 
conditions. Further, resonance difficulties would be experi- 
enced, that is, the circuit might become sharply tuned, and a 
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high voltage might suddenly pile up on the cable. As I have 
just stated, it is necessary to have a method of measuring the 
peak voltage which the ordinary switchboard operator can 
understand and easily manipulate. 

As to the voltmeter, I may add that a general idea of the 
wave form is obtained by observing the band of light. For in- 
stance, with a wave of the type shown in Fig. 2 (many of this 
type are shown in the oscillograms) the light on the scale will 
have the general appearance shown in Fig. 3. The light at 
the points corresponding to the lower peak and to the depression 
will be more intense than it is at other parts of the scale. In 
the same way, a flat-topped wave shows a much more intense 
light at the end of the scale than a peaked wave does. Similarly 
the tooth ripples are readilv discerned. 
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Discussion ом “ METHODS OF KEEPING Down PEAKS ON 
POWER PURCHASED ON А РЕАК Basis” (TYNES), DETROIT, 
Місн., JUNE 23,1914. (SEE PROCEEDINGS FOR JUNE, 1914.) 

(Subject to final revision for the Transactions.) 

Rudolph Tschentscher: Power contracts, as you all know, 
are usually made on a peak basis, and the question’ of the re- 
duction of these peaks is a most important one. I believe it is 
desirable to emphasize the point Mr. Tynes has mentioned, 
namely, that the reduction of peaks is of material benefit to 
the power generating company. 

Paul M. Lincoln: This point that Mr. Tynes has raised is 
an exceedingly important one. Wherever power is taken from 
a hydraulic plant, the maximum demand method of charging 
is a logical one; no question about it. This is particularly true 
in the case of the hydroelectric plant where the water is not. 
limited, such as the Niagara Falls plant. It does not matter 
to the power company whether the power is taken for 15 minutes, 
or one minute a day, or for the 24 hours continuously, it is the 
maximum demand which dictates the amount of the power bill, 
because the abilitv of the power company to supply power is 
limited by the output of the prime mover or of the generator. 
The fact that the power is taken continuously 24 hours a day 
merely means that the water is running through the wheels 
for that length of time, instead of running over the spillway. 
It is therefore perfectly logical for the power company to insist 
upon a system of selling on the maximum demand basis. 

In the case of the steel company which Mr. Тупев represents, 
its power curve is anything but an even line of continuous 
demand. It also has its own apparatus for generating 
power, and his problem has been to so regulate his apparatus 
as to make the power taken from the power company show an 
cven linc, to so regulate his own apparatus that all of the excess 
above that even line is taken from his own steam plant. Тһе 
method which he has used to secure that result is exceedingly 
interesting, and one of very great value. 

J. Lester Woodbridge: This paper presents a special solution 
of a problem which undoubtedly exists very commonly in 
districts where power is purchased on the maximum demand 
basis. It would, perhaps, be interesting to compare the results 
obtained by this solution with those which might have been 
obtained by the application of a storage battery, but the data 
given in the paper are hardlv sufficient to permit of such a com- 
parison being made. Doubtless the solution adopted in this 
particular case was the wise one in view of the presence of ex- 
haust steam which, I presume, was obtained without additional 
cost. Тһе paper, however, does not give us the length or the 
height of the peak very definitely. 

It would be interesting to have the financial results sct forth 
in this paper as well as the technical results; for example, whether 
the operation of this turbine actually costs anything for fuel, that 
is, whether the steam was supplied without additional cost forfuel, 
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whether the exhaust steam was sufficient to operate the turbine, 
or whether some live steam had to be used; also whether the 
cost of attendance was increased. In fact, the total cost of 
operating the plant would be an interesting item, so that we 
might compare that with the saving effected. Possibly these 
figures might be added by the author in a subsequent discussion. 

It would also be interesting to know the total power produced 
by the mixed turbine and the cost per kilowatt-hour to produce 
it. It also occurs to me to ask whether, if the power is obtained 
without cost by utilizing exhaust steam, the investment for 
the installation having once been made, it would be economical 
to operate this outfit to handle more than merely the peak load? 
Could it be operated 24 hours a day to take some of the body 
of the load itself, if it does not cost anything to operate? A 
number of these questions could perhaps be very interestingly 
discussed in an addition to the paper. 

J. R. Bibbins: Considering this paper from the standpoint 
of the central station, I notice from Fig. 4 that a one-minute 
maximum is the basis upon which this system depends. It 
seems to me that the economic value of this whole peak-reduc- 
ing apparatus depends greatly upon what duration of the peak 
is incorporated in the power contract. I have in mind a rail- 
way load in which the maximum demand is over 100,000 kw. 
The powcr contract involves a fixed rate primary or readiness- 
to-serve charge, proportioned to the maximum demand of an 
hour’s duration (averaged over three successive days), and a 
secondary or service charge, dependent upon the output of the 
station, and with a sliding scale of rates per kilowatt-hour. 
This works out as follows: During the summer the maximum 
peak loads are very largely reduced, but the railway company 
continues paying for the maximum one-hour demand of the 
previous winter, and logically so, throughout the entire year. 
If a mild winter happens to occur, in which the heating and 
the additional friction load is reduced, these two factors combine 
to reduce the maximum peak and primary charge. 

Now, the point that interests me here is the use of this one- 
minute maximum, and if we analyze a railway load it is very 
clear that the actual peak upon which such a primary charge 
depends is not always of as long duration as stated in this con- 
tract, t.e., one hour. And so it occurs to me that there 15 а 
possibility of applying a shorter maximum period in power 
contracts for such large systems with primary charge adjusted 
in accordance with the relative overload capacity of the station. 
Referring back to the prime mover, it 15 very clear that, with 
the very large units now used and the great overload capacity 
available within reasonable limits of temperature rise, if we had 
a shorter maximum period than one hour the primary charge 
upon which it is computed might be considerably less than it 
is to-day. 

In this particular case the contract worked out in a very 
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peculiar way. As the system expanded and the power load built 
up, it was found that the primary charge kept ahead of the 
secondary charge, with the net result that the total cost per 
kilowatt-hour actually increased as the power consumption of 
the railway increased. It seems rather illogical that with a 
load increasing from 60,000 to 100,000 kw. the net cost of 
power per kilowatt-hour, including these two factors, primary 
and secondary, should have risen under conditions of such an 
extremely large output. One explanation will occur, from the 
fact that any considerable improvement in the service of street 
railways necessarily means more service at rush hours. In 
fact, the street railway problem is almost entirely one of rush 
hours, and the additional.equipment operated at the rush hours 
must necessarily increase the maximum demand for that period. 
So that as we demand from our street railway companies im- 
proved service, we must suffer a decrease in load factor and a 
higher primary charge. 

I take 1t that from the prime mover end, there 1s little hope 
for the development of a special tvpe of apparatus, other than 
the turbo-generator outfits that we alreadv have, which woüld 
automatically absorb these high peaks, with the single excep- 
tion of the combined hydraulic and steam power system which 
Mr. Lincoln mentioned. 

So the specific question I raisc, from the central station 
standpoint, 1s, whether this shorter period mentioned in this 
paper would not be equally as applicable to central station 
conditions as to the industrial load that is here described, 1.e., 
whether a one-hour maximum is entirely justifiable іп cases 
where the real maximum for which the central station must 
provide apparatus is considerably less than one hour; іп other 
words, whether we cannot take advantage of that fact and reach 
a more logical primary charge, so that the occurrence of a very 
short peak load occasionally, of considerably higher maximum 
than the hour would average, (but well within the momentary 
capacity of the equipment), will not become such a burden as 
it does in this case. Obviously, the shorter the duration of 
peak, the greater the margin of safe overload available from 
a given investment, and usually, in railway loads, the exagger- 
ated peaks are of very short duration. 

R. H. McLain: I would like to say a word about this matter 
of charging for peaks, based on one example that I am familiar 
with. There is a large number of coal docks and a street car 
load, all of which make up a very large part of the central sta- 
tion power load, and there was, before many coal docks began 
to buy power, a great deal of argument about how to charge 
for this power. In the beginning, the coal docks were charged 
on an instantaneous peak basis—that was the primary charge 
for them. As the coal docks increased in number, the load curve 
for the central station сотрапу became flatter and flatter. I 
do not know how they charge for the power now, but I know 
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enough about the system to know that it would be practicable 
for them to charge for five-minute peaks, or some other peak 
like that, and not take any account whatsoever of these one- 
second and one-minute peaks. I think that the central station 
companies should take a very broad-minded view of this situa- 
tion, and when they serve a lot of power consumers should try 
to keep from putting the customer to a great deal of expense 
in cutting down his peak, when another customer across the 
road, or two or three more, might combine with this first cus- 
tomer in such a way as to make the entire load almost uniform. 
I firmly believe that the more the central station companies 
take this view into account in making their charges, the more 
popular will be the use of central station power; but, of course, 
for any one location the particular nature of the load should 
be taken into account. 

E. D. Dreyfus: The ingenious method emploved by Mr. 
Tynes to maintain a practically uniform load upon the power 
company's system has impressed me very much. No doubt 
Mr. Tynes has been able to effect a certain degree of cconomy 
in the operation of his plant which 1s probably due to fortuitous 
conditions such as the availability of an exhaust steam supply 
and the presence of operatives who can well afford to take care 
of the extra equipment necessary in addition to looking after 
their other duties. Тһе situation is manifestly exceptional and 
therefore we should be careful that the 1dea does not become 
prevalent that the scheme described is possible of broad applica- 
tion. 

According to my conception of the problem and from many 
investigations made in this direction, the trend of results tends 
to show that it is the low load factor business upon which the 
central station can most readily compete with the isolated plant. 
This is largely true for the reason that the so-called “ stand-by” 
cost of the isolated plant (including capital charges, labor, 
banking and discrepancies) plays an important part in the total 
cost under low load factor conditions. 

When operating at high load factors, these ‘‘ stand-by” 
charges are spread over a large number of kilowatt-hours and 
therefore the unit cost is very rapidly reduced. I believe this 
can best be shown diagrammatically, and the accompanying 
illustration (Fig. 1), іп which values are taken from a case 
selected at randon, will aid in establishing the truth of the 
proposition. 

Obviously the comparative showing will in each case depend 
upon the assumptions made. There is a wide range in the oper- 
ating results of different isolated power plants, naturally de- 
pending upon their equipment and the abilitv and faithfulness 
of the operating force. Two limits (one shown by heavy solid 
lines and the other bv heavy dotted lines) for the isolated power 
plant operation are given so that this phase may be duly regarded. 
On the other hand, the cost of central station power for fixed 


1914] DISCUSSION АТ DETROIT 83 


conditions is fairly uniform in the different geographical divisions 
of the country, and consequently a single line of costs has been 
included for central station powcr (shown by the heavy dot 
and dash linc). 

Hence, due to what may be termed the inherent slope of the 
total cost lines or curves, the relative rise with load is actually 
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in favor of the isolated power plant, and, as here indicated, the 
larger independent plant may show lower costs at points be- 
yond 50 to 75 per cent load factor, provided all other handicaps 
have been overcome. While this argument is of a general 
nature it is sufficiently specific, I believe, to prove that unless 
the peak can be reduced by flywheel effect or by virtue of 
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some peculiar local conditions, the cost of attempting it can 
hardly be justified. 

The large and increasing number of industries committed 
to the use of purchased power, and representing over 33 1/3 per 
cent of the electric power used in the manufacturing industries 
in the United States, prompts the exposition of these facts not 
only to confirm that “ out-and-out” purchase is usually the 
most profitable course, but also to obviate any impression that 
economical peak reduction methods are readily put into practise 
as a general proposition. 

The load factor of the majority of industrial plants is con- 
siderably less than 30 per cent and but few exceed 60 per cent, 
and as a rule it may be said that the power system can best 
carry the whole burden of the consumcr’s load. 

As power 15 ordinarily only a small percentage of the total 
cost of production in the average industry—usually less than 
10 per cent—the refinement in operation as discussed is corre- 
spondingly reduced in importance. Moreover, the factory and 
mill manager of the present day is exhibiting a marked tendency 
toward having his plant stripped of all machinery and equip- 
ment non-essential in the conversion of the raw materials into 
the finished products, reserving all funds and employment to 
that purpose only. 

In concluding I wish to sav that the paper under discussion 
is of a great deal of intcrest technically and in relation to a few 
isolated cases, but the commercial import is rather limited and 
the further extension of the peak reduction plan will be in all 
probability rather restricted. 

T. E. Tynes: In regard to Mr. Woodbridge’s question as to 
the amount of steam available, I would say that we usually 
have quite a little exhaust steam available for this purpose, so 
that our steam costs us practically nothing. At certain times, 
however, we find that our exhaust steam is not sufficient for 
heavy peaks and we have to take a little live steam to help out. 
We have a chart which records the amount of high-pressure 
steam taken, and from that we can calculate and charge to the 
turbine unit what the high-pressure steam has cost. Deducting 
that amount, we found that the turbine unit paid for itself in 
about two years and a half. 

As to Mr. Bibbins’s question in regard to charging on the one- 
hour peak, I am not prepared to answer that. I would like to 
study it a little more. Another reason why it 15 advantageous 
to us to keep down our peak is that we are allowed a certain 
limit above what is called our firm power; any amount in excess 
of that is added to our firm power, and we have to pay for that 
until the next period of readjustment. 
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DISCUSSION ON “ PRESENT STATUS OF PRIME Movers” (STOTT, 
Picott AND GorsucH), DETROIT, Місн., JUNE 25, 1914. 
(SEE PROCEEDINGS FOR JUNE, 1914.) 

(Subject to final reviston for the Transactions). 

R. Tschentscher: The division entitled “Gas Engines" 
comprises internal combustion prime movers using natural gas, 
producer gas, or blast furnace and coke oven gas. ‘The relative 
measure in which each enters into the problem 1s not given. 

In 1907, blast furnace gas engine installations began in 
the iron and steel industry. It was my lot at that time to place 
in service and operate the first plant of any considerable size. 
Power from the plant referred to was imperative, and there 
was therefore but little time for miscellaneous experiments, 
alterations, readjustments, etc. Тһе conditions presented each 
day were varied. Experienced men were not obtainable, the 
hours were long, gas hcadaches were frequent, and the force 
was ever changing. Тһе blast furnace operating conditions 
required readjustment from a condition of making pig iron 
with gas as a by-product used for air heating or steam genera- 
tion purposes, to a condition where the maintenance of an ade- 
quate gas supply was necessary in order to supply electric power 
for the equipment used in making the pig iron. This 
proposition presented an entirely different phase to the 
blast furnace man. If he did not make the gas, the electric 
power could not be supplied, and hence he could make neither 
pig iron nor gas. I am afraid, therefore, that in some quarters 
a knowledge of the earlier more or less unsatisfactory power 
costs and operating results incident thereto, is still the basis 
for an opinion as to the status of the blast furnace gas engine 
in power stations at the present time. 

The situation, however, based on the facts has been materi- 
ally altered. It 15 true that from 1907 to 1909 the steel industry 
may have put into operation too many blast furnace gas engine 
plants, and that the gas engine reputation suffered thereby; 
but it is now recognized that after the experimental bill has been 
paid, gas engines operating on blast furnace gas have a footing 
based on true economics, namely, the return on the dollar in- 
vested, all factors considered. ‘ 

At the present time statistics which I endeavored to collect 
show that there is approximately 450,000 kw. generating са- 
pacity in the steel plants that sent returns to mc. Of that ca- 
pacity, approximately 175,000 kw. use gas engine generation. 
The United States Steel Corporation alone has installed and in 
service approximately 140,000 kw. of gas engines operating 
from blast furnace gas. Тһе various sizes of the plants range 
from 1000 kw. to 64,000 kw. in one plant. 

About a year ago a paper was read before the Iron and Steel 
Institute, in which were given blast furnace gas electric power 
station costs, not including investment costs or other fixed 
charges, that were, approximately, $2.75 per 1000 kw-hr., being 
2.7 mills per kw-hr. These figures were the results of a year’s 
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operation, 1912, I bclieve. These figures covered the operation 
of units, most of which were of the earlier type. Since that 
time the situation has materially changed. А 2000 kw. unit 15 
not the limit of size by any means. Manufacturers are pre- 
pared to build now, and have had in operation for some time, 
units of 3000 kw. The exact weights I do not recall, but the 
weight per kilowatt for the 3000-kw. unit is much lower than 
it is for the 2000-kw. size. The operating costs for a plant 
composed of 3000 kw. units, as now manufactured and as opera- 
ted for at least two and a half years, are lower than 2.7 mills. 

J. R. Bibbins: Docs that include the investment? 

R. Tschentscher: No, the figures do not include investment. 
They are what is customarily considered as power station cost.: 

I wish to comment on a few specific points mentioned in the 
paper. In Fig. 16 are given fuel costs for a 750-kw. unit. For 
fear these may be taken as representative of what the gas engine 
can do, I will say that from my knowledge of the subject it 
appcars to me to be not equitable to compare the 750-kw. unit 
with the turbine or reciprocating engine of that capacity. I 
am discussing this subject merely from the Standpoint of blast 
furnace gas engines, not natural gas or producer gas engines. 
A stcel plant requiring but 750 kw. would far better install a 
steam power prime mover or buy its power from some other 
source, because such a plant will probablv have considerable 
periods in which there will be no gas available and no furnace 
in operation, and hence no power can be generated from the gas 
engine installation. I think it may be stated as a fact that the 
750-kw. gas engine has no place in the steel plant. Therefore, 
comparison by using such units, as far as the blast furnace gas 
engine is concerned, may be misleading. 

On the page following Fig. 16, the cost of $3 per ton is used 
as the cost for fuel in the relative comparisons, which, I believe, 
is too high when considering cost of fuel as used by steel plants. 
Most steel plants are located at a point of low fuel cost, and $2 
would more nearly represent the true condition. 

In the last paragraph of that page it is stated that the steam 
turbine has an overload capacity of approximately 25 per cent 
for 24 hours, while the gas engine is credited with an overload 
capacity for short periods, two hours or even less. That may 
apply very well to the motive power and of the unit. А steam 
turbine, no doubt, can operate for 24 hours a day at 25 per cent 
overload. То a large extent the gas engine may or may not be 
able to do that, depending on the design, depending on how free 
the manufacturer was in his guarantee. However, as far as 
the generator is concerned, I cannot see why the generator on 
the gas engine cannot have the same overload capacity for the 
same length of time as that of the turbine or the steam eng ne, 
provided thev are built on the same standards. 

Fig. 17 refers to some interesting data, namely, the cost of 
20,000-kw. steam turbine units. I presume that what was in- 
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tended here was a comparison of the motive power end, the prime 
mover end, of a plant having 20,000-kw. capacity. If that is 
the case, it does not appear to me to be fair to allow one 20,000- 
kw. turbine as the capacity of a 20,000-kw. station. No one, 
of course, would so design it. It would be designed with two 
20,000-kw., or three 10,000-kw., or four 7500-kw., or perhaps 
two 15,000-kw. units, depending on the overload capacity, in 
case one unit is shut down. The reason I mention thatis this— 
the 20,000-kw. turbine is compared with ten 2000-kw. gas en- 
gines. Ten 2000-kw. gas engines such as may now be purchased, 
I believe will have a greater yearly kilowatt output than one 
20,000-kw. turbine unit. Therefore, it appears to me that a much 
fairer comparison would be to arrange the curves to refer to 
a 20,000-kw. output station, each prime mover being of the 
most suitable size. This might, in the case of the gas engine 
plant, consist safely of eight 3000-kw. blast furnace gas engines 
or perhaps seven. I will not attempt to say how many oil 
engines, as I am not familiar with the subject. On this basis 
the situation is altered, and these curves will assume an entirely 
different shape. Eight 3000-kw. gas engines тау be purchased 
for materially less than $65 per kw., installed on the foundations. 
Not having the figures definitely at hand, I am, however, of 
the opinion that $50 or less will purchase the equipment. 

The table at the bottom of page 983 deals with the total invest- 
ment cost of gas engines and other prime movers, and I sce it 15 
stated that the cost of the producer gas engine is $140 per kw. Unless 
the price of producers has materially increased, I believe that is 
a high figure. When I first made mv comments or notes here 
in connection with this particular table, I did not see that ''pro- 
ducer gas” was put in parentheses. Some have the opinion 
that the blast furnace gas engine installation will run in the 
neighborhood of $140. It can be installed for materially less 
than that, not including, of course, land values, which vary so 
greatly, depending on location. Without considering land values 
I believe a 30,000-kw. plant may be installed for from $85 to 
$100 per kw., including the gas cleaning plent, together with 
the necessary piping, all auxiliaries, etc. 

On page 985 the question of reliability is mentioned, giving 
the steam turbine by far the best of the argument. In that con- 
nection I wish again to say that the situation is materially dif- 
ferent from what it was several years ago. The history of the 
operation of one particular plant for the past few years shows 
very reliable blast furnace gas engine operation—probably as 
reliable as a steam turbine plant, with the exception of, per- 
haps, a little unreliability in this local plant in the gas end 
supply end, due to periodically restricted furnace operations. 
As far as the power station operation is concerned, modern 
gas engines are practically as reliable as steam turbines. It 
must be remembered that blast furnace gas engines operate 
twenty-four hours a day, because the mills operate on a twenty- 
four hours per day basis. 
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A paragraph on the last page of the paper deals with the 
question of space economy. It is stated that a gas engine in- 
stallation requires twenty times the space of a horizontal steam 
turbine installation. When that figure was presented to me I 
pictured an 8000-kw. plant with which I am familiar and tried 
to figure whether I could replace that with а 160,000-kw. hori- 
zontal turbine outfit. I am perfectly safe in saving I could not. 
I could probably put a 70,000-or 80,000-kw. horizontal steam 
turbine plant in that space. 

I would like to call the attention of any one who is interested 
in the subject of producer gas engines to the installation which 
the Ford Motor Company 1s now in process of making. There 
wil be three 3750-kw. generators, direct-connected to twin 
tandem combined gas-steam engines, a very unique installation. 
What they will realize I do not know—one side of the outfit 
being steam-driven and the other producer-gas-driven; the 
boilers to be mounted above the producers, and the fced water 
to be heated from the waste gas of the gas engines. I under- 
stood in conversation this morning with опе of the representa- 
tives of the companv, that they havc overcome the usual diffi- 
culties, and оп that basis we are likely to see some exceedingly 
economical results obtained at that plant. 

In conclusion, I would like to say that the paper which has 
been presented to us this afternoon is of very great value, but 
one is apt to draw erroncous conclusions from a paper which 
treats of prime movers only, and it ought to be emphasized that 
all these figures should be taken as representing prime movers 
only, and not as being tvpical of the entire generating plant. 
Operating conditions and costs of the boiler plant, the producer 
plant, or the gas cleaning plant, or similar factors relative to 
auxiliaries, may greatly modify the conclusions which may be 
drawn from a consideration of prime movers only 

J. R. Bibbins: This admirable paper brings forcibly to mind 
two fundamental facts both intimately related to the cost of 
power production: (a) the tremendously rapid increase in the 
capacity and the cost and weight efficiency of steam turbine 
units; (b) the correspondingly rapid aging of power репега- 
ting apparatus by change in the art, and the heavy replacement 
or obsolescence charges resulting therefrom. 

The one is evident on the face of the facts presented, the 
other, bv experience onlv, and vet in an established property 
the burden of fixed charges due to obsolescence must be reckoned 
with and might operate to modify largely the relative economic 
positions of the various prime movers represented in this paper. 
It is to be hoped that the authors will present something further 
on this aspect of the question in the future. 

While the general economic principles employed in this paper 
are quite unimpeachable, it seems to me that forced compari- 
sons between the relatively small units of the internal combus- 
tion tvpe and the large units of the steam turbine type can 
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hardly lead to conclusions fundamentally sound in the broader 
aspect of system vs. size. Thus the comparison drawn here for 
a 20,000-kw. plant is justifiable only in so far as it applies to 
the forced conditions of ten gas units vs. one steam unit. Obvi- 
ously neither installation would receive serious consideration 
to-day as an effective layout, and a true comparison of systems 
should be made on smaller capacities. Thus in Fig. 18, the 
heat consumption curve of a 2000-kw. turbine would appear 
to much less advantage than that of the 20,000-kw. unit. 

Further, the authors state, on the next page, “An important 
feature of the steam turbine, and especially the oil engine, is 
that the efficiency does not materially decrease until the load 
falls below 25 per cent of the normal rating, whereas the gas 
engine changes rapidly." From the heat consumption curves, 
Fig. 18, unless I interpret them incorrectly, the gas engine 
seems to hold its economy on light loads, comparatively speak- 
ing, better than either the oil engine or the turbine, due ap- 
parently to the better inherent efficiency of the Otto gas cycle 
over the Rankine steam cycle. 

It is well that the authors have brought out the importance 
(page 962) of the Rankine cycle as a detector of spurious water 
rates or heat consumption curves. I have in mind the case of 
a heat engine economy curve published some years ago as a 
wonderful performance. It looked rather ''fishy," and I did 
not take even the trouble to work out the thermal efficiency, 
but simply applied the Willans law, as in Fig. 1. This very 
simple graphical method plainly showed that the heat consump- 
tion curve published was in error. 

I am interested to know whether the nct basis of heat units 
has been used in making these comparisons. Of course, either 
net or gross would not affect the over-all efficiency of a plant, 
at the coal pile, but it would most decidedly in the comparison 
of these thermal efficiencies. Also, approximately uniform gas 
engine piston speed was presumably used in making these com- 
parisons of engines of various sizes. Іп the matter of the oil 
engine, while some of the auxiliaries might be dispensed with, 
I do not quite see how the air compressor can be disregarded. 
It 1s rather difficult to conceive of a Diesel type of engine with- 
out any auxiliaries, because the engine 15 absolutely dependent 
upon the air injection for its operation. 

In Figs. 16 and 17 the authors have presented an argument 
that seems rather hard to combat, with two exceptions. One 
is the unfortunate choice in the size of units. "Thus, in this 
comparison between the 20,000-kw. steam unit and the ten 
2000-kw. gas units, it is important that these costs and economy 
curves should be correlated not only as to size, but as to method 
of operation. It should be assumed that the smaller units were 
put into operation consecutively. That is, 50 per cent plant 
rating should refer to half load on the 20,000-kw. machine, and 
half of the number of smaller machines running at full load, 
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rather than half load on all of the small machines. I must 
confess that the latter method, here used, seems unduly un- 
favorable to the smaller units, because it is obviously possible, 
in an underloaded plant, to build up prime mover capacity to 
meet the load with far better over-all efficiency in small units 
than with one very large unit. 

The other point is in regard to the price of steam or gas coal, 
$3 per ton. It was my pleasure to have quite intimate knowledge 
of the development of the bituminous producer in the use of 
low-grade fuels of various kinds. I have not followed very 
recent developments, but in view of the success attained at 
that time it seems to me inequitable, except in certain individual 
locations, to assign to the producer gas plant as high a price for 
fuel as for steam coal. If the producer has any special field, 
it is aS an apparatus designed for, and capable of, using low- 
grade fuels—for instance, the lignites in the West. Thus, any 
possibility of difference in the cost of coal (Fig. 16), would operate 
to overcome the higher investment cost assigned to the power 
gas plant. 

Finally, there is one thought which occurred to me in this | 
connection, especially as to the theory of prime movers, and 
their application, presumably, to central station work. In a 
previous paper, presented two days ago at this meeting, the 
question of special peak load apparatus came under discussion, 
and there occurred to me at that time, as many times before, 
the question whether the complete standardization of prime 
movers is absolutely essential in a plant only half of which may 
be called upon for peak load duty, and not for an hour neces- 
sarily, but perhaps for only ten or fifteen minutes. Іп street 
railway practise, for example, the maximum passenger move- 
ment occurs usually within ten minutes after 5:30 p.m. The 
reflex of this great volume of passenger movement on the power 
plant load docs not by any means last over the hour. 

Now, on the other hand, generators are universally rated 
upon at least an hour basis, and the question therefore arises, 
whether it would not be possible to develop a type of prime 
movers or combination of prime movers, of minimum cost, 
perhaps not quite as efficient (because the last grain of efficiency 
would not be necessary at the extreme peak), but of a type ex- 
ceedingly sturdy in construction, one that could stand higher 
temperatures and excessive overloads for these short peak load 
periods. Of course, the steam turbine is able to do this now, 
though not designed primarily for peak load conditions. Рет- 
haps a special combination of short peak ratings would suffice. 
It would be interesting to know how near power plant apparatus, 
as it is designed today, approaches the limit of ultimate ca- 
pacity of materials used. It certainly 15 not impossible to de- 
termine this in the case of the gas engine installation, which, as 
vou can see, is very seriously handicapped on the peak load hasis. 

H. M. Hobart: Тіс authors vive a table at the bottom of 
page 983 in which the total investment cost per kilowatt is 
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given. Whith the greatly decreased cost of steam turbines, the 
cost of the prime movers and the generators is now perhaps 
one-half, or even less, of the outlay for land and buildings 
іп the case of a station located in or near a large city. It 
would be interesting if, in the first column of this table, the 
authors would indicate more precisely whether the total in- 
vestment cost per kilowatt, at any rate in the case of steam 
turbine plants, includes a station to be laid down in or near a 
large city. 

Incidentally it mav be pointed out that the $65, 1n the first 
column, in the case of the steam turbine plant, does not agree with 
the percentage of total investment in the last column, namely, 
15 per cent, together with the figure of $7.50 for the cost of prime 
mover and generator per kilowatt, in the case of the 20,000-kw. 
set. Either the figure in the first column should be $50 per 
kw. for the total investment, to agree with the $7.50 in the 
center column, or else, if in the first column the total invest- 
ment cost per kilowatt should be $65, the percentage of total 
investment, given in the last column, should be 11.5. 

But I do not wish to lav special stress on these little errors. 
I would have gladly pointed them out personally to the authors 
—but I want to attract attention to this point of total invest- 
ment cost. I believe in the reply by the authors they will tell 
us that the figure in the first column should be $50, and that 
the figure in the last column is correct asit stands. I should also 
be glad if they would qualify that $50, with a precise statement 
of the allowance thev have made for the land and buildings in 
the case they have in mind, since that 1s probably the largest 
component of all, and leaves us in a very vague frame of mind 
as to the composition of the total investment. Figures should 
preferably be given for each particular component of the 
total investment, and I should like to ask the authors to 
supply these component costs. It would be much appreci- 
ated if the authors would make a precise statement of thc 
total cost in and near large cities, and also the correspond- 
ing allowance for land and buildings. This could be followed 
by the corresponding figures for the same size and design of 
station, but located exclusively with reference to an economical 
supply of coal and water and low prices forland. The addition 
of these data would be much appreciated. | 

E. D. Dreyfus: Тһе admitted breadth of the subject of prime 
movers makes it possible onlv to treat of all of its phases but 
partially in a limited paper; however, sufficient has been pre- 
sented to demonstrate that the steam turbine holds a superior 
position in view of the present prices of the different types of 
equipment and the existing fuel costs. Such an attitude regard- 
ing the equipment situation has bcen quite pronounced in the 
power industry during the past two or three years. Ав pointed 
out in the paper, the steam engine has for some time been rapidlv 
losing ground. Greater use of the gas engine has been seriously 
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checked by the lagging progress of the producer. While natural 
gas is an ideal fuel for the internal combustion engine, the 
available supply for power purposes is limited and therefore 
its price is too uncertain. Very little practical headway has 
been made in the utilization of the inferior grades of fuel such 
as peat, lignite and the low-grade coals. 

While the gas engine has taken a prominent position in blast 
furnace and steel mill work, I do not believe it can fairly claim 
an undisputed title to that field. Possibly for a limited capacity 
it may show a small economic advantage. However, when 
the plant becomes of an important size the advantage in fuel 
economy not only vanishes, as illustrated in the paper, but the 
gas engine 1s excecdingly handicapped by its greater mainte- 
nance and attendance costs. For such reasons the gas engine 
will be unable to maintain its former popularity even among 
the steel men. 

The writer made the statement about three years ago that 
the demand for gas engine plants would only be for installations 
of 1000 kw. or less, until there should be a matcrial rise іп the 
price of coal. Expected further developments in gas power 
equipment have also, no doubt, deterred the power plant owner 
from installing this type of equipment. 

It might be well to illustrate by example the bearing the 
item of labor has upon the total operating cost. The labor’ 
cost in a gas producer plant containing three 300-kw. units 
would be about $830 per month, while for a similar size steam 
turbine station it would be in the neighborhood of $570. For 
such small size plants the difference may not be serious, but on 
the other hand, if we were to compare plants sav of three units 
of 2000 kw. each, the gas engine station would involve a labor 
cost of about $3425, while the same capacity steam station 
would demand only $2020, roughlv. If we take a plant of 
20,000 kw., consisting, in the case of gas engines, of ten 2000-kw. 
units, and if steam turbines are used, of about four 5000-kw. 
units, the respective labor costs would be in the neigborhood of 
$11,180 and $4,475 per month. As the fucl economy of the gas 
engineis but little better than the steam station when such sizes are 
considered, and, moreover, as the labor cost in the gas engine plant 
exceeds one-third the total operating expense, the internal com- 
bustion engineisobviously given a decided setback. This contrast 
has been made upon the basis of a 50 per cent load factor. The 
lower the load factor, the less economically will the operating 
force be applied, as a general proposition, so that labor cost 
will in a somewhat greater degree prejudice the gas engine plant 
at low load factors. It is rather difficult to show all the com- 
bination of factors at work to influence operating cost under the 
wide range of conditions that obtain. 

I attempted to show, іп a paper presented before the Asso- 
ciation of Iron and Steel Electrical Engineers in 1911, the gen- 
eral relations of the different prime movers by taking into ac- 
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count all the elemental factors. As germane to the discussion, 
I am presenting (Fig. 1) one of the figures prepared at that 
time, which shows results obtained by taking into account all 
the different costs that enter into the power problem.  Except- 
ing the bottom curve, all the comparisons are between gas 
engine plants and steam turbine plants. The area above the 
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curves favors the gas engine and conversely that below repre- 
sents the economical field of the steam turbine. It will be 
observed that for large gas producer stations operating on low 
load factors, the cost of coal would have to be at some fabulous 
price to justify their existence. In the hydroelectric plant it 
is not only the absence of fuel that makes for low costs (assum- 
ing reasonable development cost), but the small operating and 
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maintenance expense gives such a plant an excellent position when 
within close range of a favorable power market. 

Referring to costs of oil engines, some recent figures obtained 
from a large American manufacturer indicated that the complete 
oil engine plant could be installed (including buildings and 
foundations) at costs ranging from $150 down to $100, depend- 
ing upon the size of the plant. А representative of a foreign 
oil engine builder claimed that oil engines could be delivered 
and erected within reasonable shipping distance from port of 
entry, complete with building, at costs about 20 per cent below 
the figures just given. This is expecting a little too much, but 
the oil engine builders are working towards a reduction in the 
cost of the equipment, which should of course give this tvpe 
of equipment a better competitive position. On the other 
hand, the lack of stability of oil prices has a disquicting effect 
upon the use of the oil engine. In the South and Southwest 
in the vicinitv of the oil fields or in the neighborhood of the 
ports receiving Mexican crude, the oil engine increases in im- 
portance. 

Іп any consideration of prime movers it is becoming better 
understood right along that we can not allow ourselves to be 
guided bv technical conditions onlv. The human element 
enters seriously into a question of this kind. For a given 
equipment the results obtained under actual operating condi- 
tions may differ in a marked degree, depending upon the ability 
and conscicntiousness of the chief and his crew. This is more 
apparent in steam plants, as, with their liberal overload ca- 
pacity, the output may be maintained though the cfficiency may 
have fallenoff greatly. With the producer gas engine plant, in the 
first place, a more competent force is required, and then if the force 
should become negligent the quality of the gas will suffer and 
at the same time no doubt there will result an inefficient mixture, 
so that the engine may fail to pull the load. Therefore, it may 
be said the gas engine will depart the least from its best opera- 
ting efficiency. Another point—if the external load on the 
station is of a widely fluctuating character, the unit or “machine” 
load factor will be unfavorable, on account of the inadvisibility 
of operating without a conservative margin. In fact, if a gas 
engine is overloaded to any extent it is liable to fall out of step, and 
if the station comprises gas engines only, the effect becomes pro- 
gressive and the whole plant will go down. I have observed 
complete shut-downs from just such causes. There are a great 
many operating considerations to be borne in mind, and this 15 
unquestionably accountable for the marked inactivity of the 
gas engine business in the past few years. 

Н. С. Stott: Мг. Tschentscher is entircly mistaken in as- 
suming that these comparisons refer to blast furnace gas practise, 
as that is specifically cxempted. The blast furnace gas plant 
is not considered in the paper, excepting the reference on the 
page where we begin discussion of the gas engine, that 1s, on 
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page 962, where you will find due credit is given to the position 
of the large gas engines in steel plants, where we sav, '' The 
development of large gas engines is largely due to the ideal con- 
ditions existing in steel industries, where large quantities of 
blast furnace gas are available, requiring only cleaning to make 
a perfect fuel for this type of prime mover." Then we go оп 
and refer to the fact that they have reached a capacity of 
6000 brake h.p. for a single unit of the twin tandem type. 

Now, some question was raised by Mr. Tschentscher and 
also by Mr. Bibbins, as to the comparison of costs of producing 
power, based upon the assumption of equal cost of fuel. I 
admit that possibly may be a little unfair, but how are you going 
to do it in any other way, in making comparisons? If we use 
cheaper fuel for the gas engine than wc do for the steam turbine, 
there would be a complaint from the other side, because, as you 
know, in a great many cases, anthracite 1s used in producer 
gas engines, and anthracite is usually—not always—but in the 
larger sizes, is much more expensive than bituminous or semi- 
bituminous, so I think it is clear that for the purpose of com- 
parison it was an tmpossibility for us to do anything but use 
the same price of fuel in both cases, because any needed cor- 
rection can be made in this comparison. If, for example, you 
find the fuel to be used in the producer is 10 per cent or 50 per 
cent cheaper, it is quite easy to make this correction in these 
curves. ІҒ we had started оп an unequal assumption of price, 
it would have been very difficult to make the correction. 

Mr. Bibbins asked about the kind of heat unit, whether gross 
or net heat unit. I do not understand the question, but I 
would say that we used the mean B. t. u., which is the average 
B.t.u. contained in steam betwcen a temperature of 32 deg. 
апа 212 deg., which 15 given in practically all the modern steam 
tables, which 1s 1/180 of the heat contained between two points, 
between 32 deg. and 212 deg. 

There were a number of other questions raised, which I will 
bé glad to answer further by a written discussion, as our time 
is limited now. 

Of course, in making these comparisons it is obvious vou must 
make generalizations. We have compared in one table here 
the results of all units; for example, in Fig. 16 we go up to a 
maximum size of 750-kw. units, but, in огаст to be perfectly 
fair to the larger prime mover, namely, the steam turbine, it 15 
obvious we had to consider 20,000-kw. turbines. We might 
have gone to the 30,000-kw. turbine, as that is now an ordinary 
type and design; however, we only went to the 20,000-kw. 
turbine, as there are a number of those 1n actual operation to- 
day. Тһеге was no way, which we could see, to compare the 
operation of the 20,000-kw. unit, as a unit,*other than to take 
a number of multiples of the smaller ones to compare with it. 
бо far as we know, the largest gas engines in actual operation, 
outside of the steel industry, are those of 2000 kw. rating, and 
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therefore we chose that size, and the same reasoning applies 
to the oil engine. If we multiply that by two in one case and 
by fifty in another case, it does not alter the relative value, 
and simply quoting the three machines, so as to make them 
comparable, is not fair to the steam turbine, unless we show 
what can be done with the larger sizes. That is the reason 
we did it. 

The paper is also criticised as not covering the entire cost 
of the power plant. This paper is one on prime movers, and 
not on power plant. It seemed to us that we һай to take into 
consideration the fuel consumption, but that we could cut out 
all auxiliaries. The consumption of power by the auxiliaries 
of the various types of prime movers is not greatly different 
in relative cases. The total percentage of power is from 6 to 
8 per cent in nearly all cases, so that we had to make certain 
assumptions in order to make these comparisons on what 
seemed fairly equal terms. 

S. Barfoed (by letter): This paper is a résumé for con- 
ditions in that section of the country where coal is ob- 
tainable at reasonable prices. In large sections of the West, 
however, oil is the common fuel, and the curves given under 
“ Finance and Economics" must be revised for this condition. 
Assume the oil to have 18,000 B.t.u. per pound, then with 
oil-fired boilers at full load a kilowatt-hour can be had from 
1.26 lb. of oil, corresponding to about 259 kw-hr. per barrel of 
oil. With oil at 4 cents per gallon the fucl cost at full load 
and with oil-fired boilers will be 6.5 mills. | 

In Fig. 2 there have been reproduced the curves of Fig. 16 
in the paper and a curve has been added for a turbine with oil- 
fired boilers. C. mbining this curve with the curve for invest- 
ment costs, and aiso the curve for the oil engine with oil at 4 
cents a gallon, with the corresponding investment cost curve, 
it is seen that the oil engine has a considerable margin over the 
turbine from full load to half load. With increasing oil prices 
the margin would be still greater. 

Franklin M. Farwell (by letter): It seems to me that the 
authors, without so stating, are thinking largely in terms of 
great capacity power stations. Almost all well-informed en- 
gineers will concede that for power stations large enough to 
admit of the use of units of 20,000-kw. capacity the steam tur- 
bine has no competitor, with the possible exception of water 
power, but when it comes to the matter of small stations it is 
a different story, and I believe that many engineers will question 
the authors’ conclusions when applicd to power stations of a 
size where all forms of prime movers are on a comparable basis. 

The paper dismisses with a few brief words the reciprocating 
engine as if it were something not worth considering. No 
mention was made of a form of generating plant popularly known 
as the “locomobile.’”’. Many prime movers of this type аге 
in use in various parts of the world and at least two concerns 
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are selling them in this country now. These engines are especi- 
ally adapted for driving generators of 600 kw. or under and many 
tests have demonstrated that the thermodynamic efficiency 
closely approximates that of the gas engine, and there are 
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Fic. 2—RELATIVE INVESTMENT AND FUEL Cosrs 
Of 750-kw. steam turbine (one curve for coal firing, one for oil firing). gas engine, 
and oil engine, including direct-connected 60-cycle generator operating at different per- 
centages of normal full load. 


many who will question the ability of the present steam turbine 
to equal, much less exceed, these efficiencies, except in view of 
the possibilities offered by the mercury boiler and turbine as 
brought out by Mr. W. L. К. Emmet (See PROCEEDINGS of 
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A.I.E.E.for March, 1914). These entire units, auxiliaries in- 
cluded, will cost about the same as a gas engine of the same 
rating, and very high efficiencies are covered by the manufac- 
turers’ guarantee. 

In Fig. 16 in the paper, the authors attempt to make a com- 
parison of the various prime movers on the basis of units of 
750-kw. capacity. As the curves in Fig. 16 stand, the invest- 
ment cost for the oil engine is eight times that of the steam 
turbine and that of the gas engine approximately six times 
that of the steam turbine. А little further on in the paper is 
a table giving the total investment cost per kilowatt of stations 
using various forms of prime movers. According to this table 
the cost of an oil engine station is less than twice the cost of 
a steam turbine station, while the cost of a gas engine station 
is only slightlv over twice the cost of a stcam turbine station. 
There is а very evident discrepancy here. This discrepancy 
is doubtless due to the fact that 1n Fig. 16 the investment cost 
in the case of the oil engine covers practically a complete gen- 
erating unit, but in the other cases onlv part of the complete 
generating unit is considered, as the producer in the case of the 
gas engine and the boiler in the case of the turbine are left out 
of consideration. It seems to me that this is a decidedly unfair 
comparison; that the producer in the case of the gas engine and 
the boiler in the case of the steam turbine are the primary 
generators of power and cannot consistently be left out in 
comparison with oil engines. 

As the high economy of fuel in a steam turbine is largely 
dependent upon a good vacuum and high superheat, in other 
words, is to a considerable degree dependent upon expensive 
auxiliary equipment, it would seem no more than fair to include 
the auxiliaries. Much has been claimed for the small space 
required for the steam turbine, but in most such comparisons 
no account is taken of the boiler plant. If the boiler plant 15 
considered when comparing the space economy of the steam 
turbine with oil engines for small power stations, the steam 
turbine does not appear to have much advantage. In view of 
this it seems to me that total station cost is the only fair basis 
for investment cost comparison. 

The table of total investment cost per kilowatt included in 
the paper gives values for a large capacitv station, but if we 
add to them the engine cost differences between Figs. 16 and 
17, viz., $10 for oil engines, $8 for gas engines and $7.50 for 
the steam turbine, we have $148 for the gas engine, $130 for 
the oil engine and $72.50 for the.steam turbine, which would 
seem to be reasonable for a station using 750-kw. units. On 
the basis of these figures I submit, 1n Fig. 3 herewith, a revision 
of the curves in Fig. 16. Concerning the lower part of the 
figures, showing the fuel costs, I desire to state that 1t seemed 
to me that the values given for the steam turbines arc rather 
lower than are commonly found for working conditions, so in 
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the accompanying curves I have boosted up the values to what 
' seem to me to be morc reasonably attainable figures with tur- 
bines of such small size. Concerning the oil engine, I find that 
there are several authentic cases where the total operating cost, 
exclusive of attendance, is considerably below that given in 
Fig. 16 for fuel alone, and that there are regions where crude 
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oil can be purchased for as low as 2.5 cents per gal. Inthe curve 
submitted I have used 3 cents per gal. I believe that some of 
the manufacturers of oil engines are willing to guarantee a 
higher thermal efficiency than that given in the paper, but I 
neglected that in the curves. Тһе fuel costs for the gas engine 
I did not find any reason for changing. It seems to me that the 
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curves in Fig. 3, at least insofar as thev concern the investment 
cost, are a much fairer basis for the comparison of prime movers 
for small plants than the curves submitted bv the authors of 
the paper. 

By adding the ordinates for investment cost and fucl cost in 
the curves I have given, it is apparent that there is verv little 
difference among the three forms of prime movers. If we con- 
sider even smaller stations, sav those with units of about half 
the size of those considered in the curve, the oil engine and 
the gas engine will have a decided advantage over the steam 
turbine. It is worth while to note in the case of the gas engine 
and oil engine that jacket water and water heated by exhaust 
heat economizers can be used for heating and for industrial 
processes where hot water is needed, thus extracting still more 
heat from the fuel without in any way affecting the engine 
efficiency. 

I do not think that any one (үре of prime mover can be made 
to meet all cases. I believe in selecting the one best adapted 
to the local requirements. 

While there are many central stations of enormous capacity, 
still a very large percentage of power generated, particularly 
in industrial plants, is produced in stations using units of 750 
kw. or less, so it scems to me that the paper under discussion, 
considering the scope it is intended to have, hardlv gives the 
status of prime movers for small stations with the fairness that 
ought to be expected. 

W. S. Gorsuch (by letter): Curves shown іп Figs. 16 and 17 
have been criticised as being unfair to the oil and producer or 
natural gas engines. In Fig. 16 the largest oil engine for which 
rcliable data could be obtained was taken as the basis, and а 
corresponding size gas engine and steam turbine selected for 
comparative purposes. In fact, the largest oil engine unit in 
successful operation in this country todav is less than 500 h.p. 
capacity; therefore, in taking a unit of 750 h.p., the oil engine is 
being favored. 

The object of Fig. 17 is to show the advantage that the steam 
turbine has in being made in large sizes, 20,000 kw. being taken, 
as many such units are in actual operation. To make the 
curves showing investment costs comparable, the cost per kilo- 
watt normal rating was determined on the basis of purchasing 10 
producer gas and 40011 units of the largest sizes in actual operation 
today. The lower curves show the relative ссопоту of the in- 
dividual units and have no reference to plant operation. 

Regarding Mr. Tschentscher’s comments on “ Space Econ- 
оту,” the figures given on the last page of the paper are the 
average minima and maxima of different sizes of machines in 
actual operation today, excluding the blast furnace gas engine. 

If Mr. Farwell will refer to page 978, under the heading 
“Finance and Economics” he will find it specifically stated that 
the scope of this paper is limited to prime movers; consequently 
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the upper curves in Figs. 16 and 17 show the investment costs 
in units ptr kilowatt-hour output at various percentages of full- 
load rating for prime movers only, that is, the cost of prime 
mover installed, exclusive of foundation. The figures given 1n 
the table on page 983 give investment costs of plants using 
various types of prime movers, and include all costs, with the 
exception of real estate. | 

The figures and curves submitted by Mr. Farwell are based 
on the assumption that the investment cost per kilowatt 1п- 
stalled capacity of all the items contained in a small power 
plant, exclusive of the prime mover, will be the same as for a 
station of much larger capacity, which obviously is erroneous. 
The cost of fuel per kilowatt-hour output for the steam turbine, 
as given in Fig. 16, is based on the average efficiency obtained 
from this size machine. 

The percentage of total investment for steam turbines in the last 
column of the table on page 983, namelv 15 per cent, is an error, 
and should read 11.5 per cent, as pointed out Бу Mr. Hobart. 

R. J. S. Pigott (bv letter): Replving to Mr. Tschentscher, if 
he will refer to page 963, under the heading “ Capacity,” no 
doubt the question in his mind will be removed as to thc relative 
overload capacities on gas engines and turbines. While his 
figures in criticism of our costs are somewhat indefinite as a basis 
of analysis, the figures presented in our paper were obtained 
from a number of manufacturers and from purchase prices in 
the hands of a number of buvers. 

Referring to Mr. Bibbins's statement, “ From the heat con- 
sumption curves, Fig. 18, unless I interpret them incorrectly, 
the gas engine seems to hold its own on light loads," on checking 
up the curves I find that the titles for the curves “ Gas engine, 
all sizes," and “20,000-Куу. steam turbine," have been acci- 
dentally interchanged. If these two titles are exchanged, the 
curves in Fig. 18 will agree with those in Fig. 19, and with Mr. 
Bibbins's statement. 

Referring to the statement of Mr. Farwell concerning the loco- 
mobile: This tvpe of prime mover has been installed in this 
country in less than half a dozen small plants, the first earlv in 
1913. Few or no maintenance data are available, but it 1s 
certain that with the high superhcats emploved, the maintenance 
will not be less than with the ordinary reciprocating engine using 
superheat. The inflexibility of a type in which one boiler 1s 
definitely tied. to one engine 15 a very pronounced objection. 
The very high “ efficiencies " usually quoted, are water rates, 
which naturallv, with the high superhcat and rc-heat етіріоуса, 
are low, but low water rate is not necessarilv concomitant with 
high efficiency. 

Referring to the Rankine cvcle, the performance of locomobiles 
is little better than that of ordinary reciprocating engines. Table 
I, herewith, taken from tests of the first American locomobile, 
published in Power May 20, 1913, shows this. With similar 
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superheat and re-heat the turbine would do equally well, and if 
worth while to do it, could readily be arranged in’ a similar 
manner to the locomobile. 


TABLE I 
| | | | 
‘Test | Brake Lb. Steam | Pressure | Vacuum, | Superheat Therm. | Efficiency 
| h.p. b. h. p.-hr. Ib. gage. | in. of Hg. effc'y ratio 
3 127 10.82 196.5 27.15 256 18.7 n2 5 | 
4 148 11.08 206.5 26.62 273 18.3 60.7 | 
5 115 10.9 201.5 28.58 2276 18.2 55.9 
6 154 11.42 198.5 27.27 273.5 17.5 57.7 
7 192 10.25 204. 27.23 302 19.4 62.8 U 
10 77 5 


14 65 200. 27.75 170.4 14 2 46. 
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DISCUSSION ON “ THE SPHERE GAP AS A MEANS OF MEASURING 
Нісн VoLTAGE ” (PEEK), “ THE ELECTRIC STRENGTH OF 
AiR—V, THE INFLUENCE OF FREQUENCY " (WHITEHEAD 
AND GORTON), AND “ SPHERE САР DISCHARGE VOLTAGES 
AT HIGH FREQUENCIES ” (CLARK AND RYAN), DETROIT, 
Micu., JUNE 24,1914. (SEE PROCEEDINGS FOR JUNE, 1914.) 

(Subject to final revision for the Transactions.) 

L. W. Chubb: These three papers presented under the 
auspices of the Electrophvsics Committee are verv interesting, 
and they add a gread deal to our knowledge of high-voltage 
phenomena. 

The paper on the sphere gap by Mr. Peek adds some valuable 
experimental data on the effect of barometric pressure on the 
gap voltages. Тһе effect of temperature, however, as expresscd 
in the empirical formula, seems to be a matter of assumption 
based on free-path and pressure, but not confirmed by experi- 
mental data. Тһе inverse proportionality between breakdown 
voltage and absolute temperature may hold throughout the 
range of atmospheric temperatures, but the stream of negative 
electrons from hot metallic electrodes will possibly have a greater 
effect at high temperatures. 

The theories of corona formation and breakdown voltage so 
far advanced can hardlv be adopted as laws vntil thev are more 
thoroughly tested out, between wider limits. 

The formulas given by Mr. Peck agree well with his experi- 
mental results, as high as 320,000 volts. Our own direct cali- 
bration with the 25-cm. and 50-cm. spheres agree very well as 
high as 320,000 volts, with the 50-cm. spheres (one grounded), 
but above this point the formula and the calculated values given 
in Table IV do not check with experimental data. For instance, 
for the grounded case a value in Table IV gives for a separation 
of 50 cm. a breadkown voltage of 541,000 volts. Direct cali- 
brations show 478,000 when the insulated sphere was freely 
suspended from a crane and 458,000 volts when both spheres are 
mounted тп the standard frame proposed by Messrs. Farnsworth 
and Fortescue. The last value given for non-grounded spheres 
shows a separation of 75 cm. at 725,000 volts. Our direct cali- 
brations show a separation of just twice this gap at the same 
voltage and without visible corona on the spheres. Below 
320,000 volts the points сап be reproduced easily, they check the 
values given in the paper and the sphere gap scems to be a 
reliable standard for measuring maximum voltage. Above 
320,000 volts the gap is unstcadv, the strength of the рар is 
apparently much lowered, extraneous bodies have a greater in- 
fluence and baromctric pressure seems to have a much greater 
effect than is indicated by the formula. Tests have been made, 
with one sphere grounded, to voltages over 600,000, and with 
both spheres insulated, to over 900,000 volts. In the tests 
there was an increasing discrepancy with voltage increase, be- 
tween the curves given in the paper and direct calibrations. 

At high voltages there is a time effect of breakdown voltage. 
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Thus at a gap setting of 10 cm. the voltage was quickly raised 
and the gap broke at 188,000 volts. The gap was then increased 
one per cent and the same voltage broke over after an application 
of 55 sec. А second test showed a lapse of 40 sec. The рар 
was again increased one per cent, and it required 160 sec. for the 
same voltage to cause a break down. Similar effects were shown 
at other voltages above and below 188,000. At 100,000 volts 
the effect is inappreciable and below 95,000 volts no time effect 
could be noticed. 

The effect of light is also being investigated and seems to 
play an important part between terminals which break above 
the corona point, but, within the range of working voltages, 
light of ordinary wave lengths has very little effect on the cali- 
bration of the sphere gap. 

It was thought that the presence of so much corona in the 
neighborhood of the spherc gap during high-voltage tests might 
lower the breakdown voltage between spheres. Tests were 
made blowing air upon the gap from the side opposite to the 
high-tension apparatus. This air was drawn in a large wooden 
flume about 20 cm. (65 ft.) from the gap and forced with a 
low-pressure blower across the gap. It was found that the air 
blast, instead of making the breakdown voltages higher and 
more consistent as expccted, made the behavior more erratic, 
and caused premature static flash-overs across a gap of 25 or 50 per 
cent greater than the separation required for final breakdown. 
Several explanations have been put forth to cover this effect, 
but they need not be mentioned at this time. 

The precautions against oscillation given by Mr. Peck are 
very important, and the damping resistance both in the pri- 
mary circuit and in series with the gap is verv necessary. 

The paper by Messrs. Whitehead and Gorton 15 certainly an 
example of a good record of the work done. After reading 
such a paper, one feels that he has no questions to ask why, 
how or under what conditions the several steps were followed 
out. 

The vibration of the wire at high frequencies seems to prove 
that the wire was well centered. А stroboscopic view of the 
vibrating wire would probably show the wire to be vibrating at 
its natural period with an increased corona on the side of the 
wire in the direction of the instantaneous deflection. This corona 
causes the familiar electric wind, the reaction of which tends to 
restore the wire to the center. А possible explanation is that 
duc to the lag of corona formation upon the deflection of the 
wire there is a greater force acting on the wire when 1t is traveling 
toward the center than when 1% is traveling outward, which 
would cause a sustained vibration. 

The three possible explanations for the effect of frequency on 
corona formation, given on the last two pages of the paper, seem 
to indicate that at high frequency the appearance of corona 
would be at an increased voltage, while the results show the 
reverse effect. 
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All the papers show discharge at a lower voltage at high 
frequency, and the authors are certainly to be congratulated on 
this agreement. The discussion over a vear ago which probably 
stimulated the frequency tests, contains several statements that 
the gap would be stronger at high frequency. The new records 
show clearly that direct tests rather than theories should be used 
to study such complex phenomena. 

F. C. Caldwell: Would there be any chance for error due to 
the drop in the high series resistance, especially at high fre- 
quencies, or would the fact that the charging current is out of 
phase eliminate any such error? 

. D. M. Mahood: Referring to curves of Fig. 5, in the paper 
by Messrs. Clark and Ryan, showing discharge voltage for high 
frequency as almost uniformly 4.5 kilovolts below the 25-cycle 
voltages, it 1s suggested that this is due to the fact that pure 
undamped waves were not obtained during these observations. 
With about 10 to 15 ohms high-frequency resistance for the 
inductances L, and Le in the oscillating circuit, about 8 ohms 
high-frequency resistance for the carborundum safety resistance 
rods in series with the sphcre gap, and about 2 ohms operating re- 
sistance of the arc itself, there exists a decrement of apparently 
0.02. Тһе cvclograph used, indicating only the r.m.s. value of 
potential existing, permits the periodic high swinging potential 
which breaks down the gap to slip by without being taken into 
consideration during observations. 

The conditions existing during tests indicated in the first 
paragraph of the second page of the paper, showing 17.6 amperes 
direct current about equal to alternating current (12.5 r.m.s. 
or 17.6 maximum valuc) in the arc, are extremely unstable. 
Our experience with Poulsen arcs has shown that where such 
conditions exist there is considerable fluctuation of voltage and 
other conditions of the arc. With this maximum voltage value 
jumping up at times and not possible of indication on any of the 
instruments used, the discrepancy between the 25-сусІе and 
high-frequency curves may result. 

The best oscillating arcs constructed and specially designed 
for stability for measuring purposes (those of Lindemann, dupli- 
cating those of the German Reichsanstalt,) gave 2 percent 
variation in amplitude at 133,000 cvcles. Methods for standard- 
ized calibration making use of the oscillating arc are capable 
of too much crror, caused by the instability combined with the 
occasionally swinging high-amplitude wave, and should not 
be considered conclusive until an opportunitv 15 afforded to check 
the high-frequency results under more stable conditions, using 
high-frequency generator with absolutely constant speed main- 
tained. 

Charles Fortescue: Discussing first Mr. Peek's paper, the 
results of the tests under various atmospheric conditions, 
pressure, frequency, etc., are a valuable addition to our knowl- 
edge of the subject. It is gratifying to find that these tests 
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agree with theoretical figures, as far as they have been carried 
out. Mr. Peek’s tables of spark-over voltages add nothing to 
the data already available on the subject, except in confirmation 
of the results obtained for 25-cm. spheres, with smaller spheres. 
On the contrary, Mr. Peek’s assumption of constant apparent 
potential gradient at spark-over, for a given sphere, based on 
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as the true intensitv, leads to no useful result, and in mv opinion 
beclouds the real issue. We are confronted with two problems: 
first, the calibration of sphere spark gaps of various sizes; 
second, determination of the theory of the voltage breakdown 
of the spark gap. 

The old theory propounded by Russell has been found not 
satisfactory. Mr. Peek has evolved a theory of the effect of 
shanks. I do not think that the discrepancy can be attributed 
to the shanks. Тһе shanks have very little effect on the break- 
down voltage. I think it must be due to some other cause, апа 
in attributing it to the effects of shanks, we are losing sight of the 
real issue and preventing ourselves from finding out the real 
reason of the discrepancv. 

We have been working on the calibration of the spark gap 
in Pittsburgh, and as Mr. Chubb states, we have carried calibra- 
tions on a grounded 50-cm. spark gap from potentials of 300,000 
volts up to 600,000 and above. In making measurements of 
the maximum valuc, we use the condenser terminal as a conden- 
ser. The condenser terminal is an excellent condenser. We 
judge from our experiments that, the effect of the external 
bodies on the capacity can be made extremely small. 

In our measurements there was no corona present on the ter- 
minal itself, under any of the measurements, except on the small 
choke coil on the top of the terminal. Тһе wire leading to the 
spark gap had considerable corona, a soft glow without streamers. 
There was a certain amount of corona on the resistance leading 
to the spark gap and on the bushing through which the shank 
of the spark gap passed. It may be that in making our measurc- 
ments by means of this condenser, and averaging the value of 
the charging current with the condenser method, there are os- 
cillations set up due to corona disturbances, which, of course, 
take place at the peak of the wave, which may not be taken into 
account in the average value of the charging current of the 
condenser, so that 1% 1s possible that the effect of the corona 
in the wires, ctc., vitiated our tests shghtly. But I do not think 
that this can account entirely for the large discrepancy between 
the theoretical figures and the figures obtained by test. It 
seems to me that the lower breakdown spark-over voltage of 
large spheres, as compared with small spheres, must be due 
to some external effect. Perhaps it is a question of free ioniza- 
tion in the air; it seems probable that the largest sphere collects 
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its electrons and positively charged molecules from a very much 
larger volume of space than the smaller spheres. Тһе positive 
charges will be drawn toward the clectrode that happens to be 
negative at a certain instant, and the ncgative will be drawn ' 
toward the positive. While these charges do not cause im- 
mediate breakdown, their presence will increase the intensity 
at the surface thev will tend to accumulate at the point of 
highest potential gradient and finallv, on the largest spheres, 
increase the intensitv sufficiently to cause spontancous ioniza- 
tion. 

Referring to the paper by Messrs. Whitehead and Gorton, 
their modification of the method first used bv Mr. Chubb 
and myself, to meet the exigencies of the high-frequency test, 
is very- interesting, but there is a question in my mind whether 
the rectifier does not produce superimposed ‘oscillations of its ' 
own. In other words, as I see it, in their circuit, they introduce 
what amounts to a square-topped alternating wave which has 
an infinite number of frequencies. It is possible for conditions 
to arise such that апу one of this infinite number of harmonics 
may resonate, causing a high peak in the voltage, which may be 
of such frequency and characteristics that 1ts true value is not 
properly recorded. 

Another possibilitv of error suggests itself to me in Dr. White- 
head's tests. I do not think it safe to assume that the rotating 
field of the generator has sufficient inertia to prevent it from 
causing troubles due to surges in the supplv circuit. Our ex- 
perience in the first calibration of the sphere spark gap showed 
that even with an armature running at verv high spced, supply- 
ing alternating current to the testing transformer, the effect 
of surges in neighboring circuits was noticeable— we had a 
neighboring three-phase grounded crane circuit, in which heavy 
loads were suddenly applied, and we found this had a great 
effect on our testing voltages. Every time the crane hoist 
started, we would have a breakdown and oscillation, in spite 
of the fact that the two svstems were connected only through 
mechanical parts having considerable inertia. Тһе reason, as 
I understand it, is that any slight oscillation in the mechanical 
part will set up an oscillating voltage, which mav in itself be 
small, but under certain circumstances the oscillation mav have 
the same period as the test circuit, and cause quite high oscil- 
lating voltages. 

Probably either of these two possibilities may explain the 
results that Dr. Whitehead found—namely, that at certain 
definite points there was an apparent discontinuitv in the 
corona point. 

In connection with the question of resonance in transformers, 
we had some experience which led us to trv to find some wav of 
getting an absolute method of measuring maximum voltage with- 
out having recourse to ratio. Our shop testing force had an 
experience several years ago with a high-voltage transformer 
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which was to be tested for certain overload capacities. They 
could not get the transformer past the testing floor. Every 
time they tested it by the ratio method, they failed. For some 
reason or other it never occurred to them to use the sphere gap 
to find out what was the trouble. I was asked to go down and 
investigate the mattcr. I suggested that we try to see what 
the sphere gap showed. We found in the case of one generator 
a test value above that shown by ratio all the way from zero to 
60 per cent on the high-tension side, purely due to wave dis- 
tortion and resonance of the distorting harmonic. It is never 
safe to trust to ratio on tests with very high-voltage transformers, 
on account of the fact that the capacity of the transformer is 
necessarily quite large. 

Referring to the paper by Messrs. Clark апа Куап, I wish to 
ask the authors if they assume that the wave form of ап oscil- 
lating circuit is so close to a sine wave that it cannot affect the 
maximum value of the voltage. We have had waves of applied 
voltage that looked like almost perfect sine waves, which gave 
waves of charging current with condensers which showed dis- 
tinct harmonics. The multiplving factor of the higher har- 
monics 1s very large, so that evena very small fraction of a normal 
frequency would be magnified and multiplied, through reson- 
ance, enough to have a large effect on measurements, resulting 
in large discrepancies from the values indicated bv ratio. 

I note another thing in the paper bv Messrs. Clark and Ryan, 
and that is that their spheres are isolated, and they have no 
distinct zero potential point in their system. In such a case 
we have no idea what the relative potentials of the spheres are. 
The whole system may oscillate at a high frequency above zero, 
so that the maximum intensity at the spheres of such a system 
is quite indefinite. For that reason, I am inclined to think that 
these tests cannot be considered as final. 

A point Messrs. Clark and Ryan bring out in their paper 
which I think is verv important, is the question of the weight 
to be given in test measurements in connection with such a 
piece of apparatus as the spark gap; the sphere рар particularly. 
In studying the sphere gap, 1t has a maximum breakdown, which 
is the voltage we wish to arrive at. Our tests are possibly sub- 
ject to extraneous conditions, such as surges in neighboring cir- 
cuits, etc., and also to fluctuations, breakdowns due to the 
oscillation and consequent fluctuation, but if measurements 
are carefully carried out, it 15 not possible to obtain values hig her 
than the actual breakdown voltage. So that in using the results 
of such tests the average of a large number of tests 1s not neces- 
sarily the correct value, but rather greater weight should be given 
to the maximum values, in other words, апу discrepancy will 
be of lower value than the actual true strength, and 1s probably 
due to the oscillation or some trouble in the circuit itself. 

Referring to the maximum voltage meter, as I have called it— 
the method that Dr. Whitehead has used and which Mr. Chubb 
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and I used 1n the original paper on the calibration of the sphere 
рар--І may state that it gives what may be called the average 
maximum value. In other words, it cannot show the maximum 
value that may occur at any one cycle, due to some external 
effect; if there is a difference in the positive and negative wave 
form, or change, during a verv short length of timc, this cannot 
be shown. It simply indicates thc average of a consecutive 
series of waves of charging current, and gives the average maxi- 
mum valuc of applied voltage for the ccnsecutive series. Іп 
order that this shall be the truc maximum value, it is necessary 
to presuppose a steady and constant applied voltage and a 
constant secondary voltage. 

The vibration of the suspended wires, mentioned in the paper 
by Messrs. Whitehead and Gorton, I have also observed at 
corona points on wires with neighboring large bodies. 

D. D. Ewing: I believe we all realize that one of the greatest 
difficulties we have to encounter in the study of high-tension 
phenomena is the difficulty of making the measurements with 
any degree of scientific accuracy. The points I have in mind 
were brought up by Dr. Whitehcad's paper. I believe Mr. 
Fortescuc, if I understood him correctly, touched on one of them, 
namely, the deformation of wave form when the mercury arc 
is used as a rectifier. I notice that Dr. Whitehead in his experi- 
mental work made use of a direct-current measuring instrument, 
presumably of the permanent magnet moving coil tvpe. Не 
states in his paper that the permanent magnet tvpe instrument 
is suitable for the purpose although he does not specifically 
state that he made use of this particular tvpe of instrument, 
I would like to call attention to the fact that some of the com- 
mon commercial forms of this tvpe of instrument can not be 
relied on to givc a very high degree of accuracy, when used to 
indicate the average value of a fluctuating quantity. In some 
tests made several years ago, on some meters used in railway 
service, I found that the average value was about 15 per cent 
off. In the measurements made bv Dr. Whitehead, the errors 
introduced by the use of the mercury arc and this tvpe of in- 
strument would be differential rather than cumulative, thus 
giving a low resultant error. I wish, however, to call attention 
to this fact about the direct-current permanent magnet instru- 
ment: it must be used with caution if the quantities are fluctua- 
ting rapidly. 

E. E. F. Creighton: I think the most evident thing in all 
these papers and in all the discussions which have taken place 
in the past few vears has been the lack of some instrument or 
some device that will accurately measure the voltage. If such 
an instrument were available at the present time, the whole 
subject could be cleared up. 

Every onec of these papers adds a little more, makes one step 
nearer the final solution, bv giving the results of some method 
which has been tried out for the measurement of voltage at high 
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frequency. We have endeavored in the study of lightning ar- 
resters for many vears to get something we could rely on. Our 
endeavor has been, not so much to locate a condition and mcasure 
the voltage, but to vary all the conditions and get the minimum 
gap length as near as we could for the same voltage impulse 
applied. 

In working with Alexanderson’s alternator, running up to 
200,000 cycles per second, one of the first difficulties encountered 
was the impossibility of getting апу definite voltage ratio in 
the transformer. We had a transformer made up of eleven 
layers, and used one layer as a primary and the other ten layers 
as a secondary, stepping up 1 to 10. We found at a certain 
frequency when 100 volts was applicd to the primary we 
got 100 volts across the secondary. Instead of getting 1 to 
10, according to the ratio of turns, we had a ratio of 1 to 1. 
Then we took our voltmeter and applied it to the diffcrent 
lavers, and found one layer that was given a ratio of ten times 
the impressed voltage, in other words, 1000 volts, where the 
ratio of the number of turns was only 1 to 1. This simple illus- 
tration shows the effect of internal capacity in entirely changing 
the voltages that should be given by the ratio of the number 
of turns. 

In regard to the free ionization in the air, we have had by 
tests in the laboratory a number of illustrations of this ionization 
cffect. Тһе vacuum arrester consists of a copper tube with an 
insulated electrode on the inside and more or less vacuum pro- 
duced around these electrodes, depending on the spark voltage 
desired. Thegaplengthisof the order of 1 mm. and the diam- 
eter of the tube onlv about $ in. (about 19 mm.). When po- 
tential is first applied the sparking voltage тау be 500 volts. 
If potential is applied immediately afterwards а lower value 
is necded to cause a spark—even as low as 350 volts. It re- 
quires considerable time, a number of minutes, 1n some cases 
a number of hours, for this internal ionization to disappear. 

Another case of ionization was illustrated in the test we showed 
before the Institute something over a vear ago, in which we re- 
commended the use of high frequencv for the testing of 1nsulators, 
it 1s shown in all of these tests that when high frequencv 1s ap- 
plied to an insulator there are obtained manv sparks that are 
fairly evenlv distributed around the surface of the insulator. 
These sparks are not simultaneous, but successive. Тһе сх- 
planation of the distribution may be that when the potential 15 
applied to the cap of the insulator it 10nizes more or less evenly 
the atmosphere all over the surface of the porcelain. Due to 
accidental conditions, the first spark will break over at some onc 
point. In so doing, it will relieve the stress in the atmosphere 
at that point. The subsequent sparks will find points in the 
atmosphere elsewhere that are highly ionized and the subsequent 
sparks will conscquently take other paths. I think this is 
another illustration of the fact that ionization may reside for 
a considerable time in the atmosphere. 
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Professor Caldwell brings up а very pertinent question, 
that is, in using resistance in series with spark gaps, is the test- 
ing outfit still applicable for the testing of apparatus? While 
series resistance is desirable as recommended, there is a special 
condition where it is not applicable. It is not applicable to the 
testing of lightning arresters. A series resistance of one ohm 
per volt will give erronéous results in the testing of arresters. 
We have used for many years without series resistance a trans- 
former at 100,000 volts for testing work, and in only two cases 
during all that time have oscillations been produced which 
damaged the end turns. 

Mr. Peek has brought out definitely that moisture in the at- 
mosphere causes an increase in the spark potential of a needle 
gap (but not of a sphere gap). 

It may be of some interest to note that in the testing of multi- 
gap lightning arresters the opposite effect is sometimes found. 
For example, a compression chamber lightning arrester tested 
on a perfectly dry day had a certain sparking potential. Three 
days 1аїег`оп а humid dav and without any changes in the circuit 
the spark potential was considerably lower. From a certain 
point of view, that is a valuable thing to know. When lightning 
is about to take place, the arrester will be a little more sensitive. 


Iron-Core Choke Coil 
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H. B. Dwight: In Mr. Peek’s paper are given various pre- 
cautions to be observed in making high-voltage tests. Although 
the list was not meant to. be complete, I would suggest adding 
to these the avoidance of the use of choke coils with iron cores, 
even in the low-tension circuit. There is a tendency to use such 
coils in practical testing because small transformers or auto- 
transformers are generallv available in many sizes, while air 
coils are not. The iron-cored coils may not alwavs produce 
trouble, but there is distinct danger of it, as is shown by the 
following experience encountered in routine commercial testing. 

In testing some insulators at 300,000 volts, an iron-cored choke 
coil was used as at B, Fig. 1. On applying alow-tension voltage 
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which normallv gave about 130,000 volts, an entire absence of 
corona was noted. On again closing the switch with exactly 
the same connections there was a hcavy continuous discharge 
over the insulator, indicating much more than 130,000 volts. 
Repeated closing of the low-tension circuit gave sometimes one 
and sometimes the other of these two steady conditions. 

In locating the causc of this trouble, it was found by measure- 
ments of the voltages on A, B and C that the voltages on the 
insulator in the two stcadv states were about 30,000 and 300,000 
and that the choke coil was їп the one case unsaturated and in 
the other case, saturated. Which state was produced depended 
apparently on the part of the voltage wave at which the circuit 
was closed. Both states were steady except that sometimes 
the first would suddenly change into the second, with correspond- 
ing increase in voltage. 

The vector diagrams for the two different steady states with 
the same applicd voltage of 380 volts, are shown in Fig. 2. 

An indicatien of how the saturation of the iron core produces 
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the erratic results is shown in Fig. 3. The curve of applied volt- 
арс 15 to be calculated from the capacity of the insulator and the 
magnetizing current and iron loss current of the choke coil. 
For details of this calculation see the Electric Journal, p.1102, 
December, 1911. Тһе current and voltages have been observed 
with an oscillograph and have been found to have the same fre- 
quency as the generator, and to have phase relations in артес- 
ment with the vector diagrams. 

The phenomenon is essentially a low-voltage, standard fre- 
quency phenomenon of continuous duration. [t has no con- 
nection with the high-frequency oscillations which occur around 
a spark gap and it is quite distinct from the phenomenon of 
simple resonance. The two different voltages obtained from 
one connection of apparatus depend on the combination of lead- 
ing current and an iron magnetic circuit which becomes saturated. 
It is seen, from Fig. 3, that a certain value of applied voltage may 
correspond to two different values of amperes, according to a 
point in the part U R, or the part Г 5, of the curve for applied 
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voltage. These two values produce two different values of 
voltage on the testing transformer, the curve for which is seen 
to be in two parts, separated by an unstable region. 

In investigating this phenomenon, the applied voltage may 
be slowly increased from U to R, and then the current will sud- 
denly change from R to S. Thus, about ten times as much cur- 
rent will flow through the choke coil, and a high voltage will be 
produced. Then, on lowering the voltage gradually from S to 
Т, the current drops suddenly from Т to U, and the original 
condition is obtained. 

Since a choke coil with an iron core may render indeterminate 
the voltage to be obtained from a given arrangement of appara- 
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tus, and may give suddenly a far greater voltage than would 
be expected, its use would appear to be inadvisable. 

W. W. Lewis: Mr. Peek says that carbon or graphite rods 
should be avoided as resistance in series with the sphere gap, 
because they are unreliable. We have found in Pittsfield that 
this is usually true with the so-called “ high-rated” carbon 
rods, that 15, rods that are rated in the neighborhood of 60,000 
ohms each, because these rods contain very little carbon; they 
are composed of some kind of clay mixed with graphite, and 
their resistance changes when current is passed through them. 
The “ low-rated" rods, t.e., rods rated in the neighborhood of 
4000 ohms each, we have found to be very constant and reliable. 
We have checked these by measuring the voltages set up inthe 
high tension of the transformer under test, when the spark gap 
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is агсса over as shown in Mr. Peek's Fig. 13, and we find that 
we get no appreciable voltage set up in the high tension of the 
transformer when resistance is used to the value of one ohm 
per volt or over. We have also run heat tests on these rods and 
find their resistance to remain constant, whereas that of the 
high-rated rods increases appreciably. 

We have tried metallic resistance and find that in order to get 
high resistance, very small wire must be used, and to prevent 
this burning out, it must be immersed in ой. It is very difficult 
to prevent the oil from leaking and to insulate the resistance 
properly. Water resistances are subject to the trouble that 
steam forms at the terminals and the water explodes violently 
from the tubes. We have decided that altogether the low- 
rated carbon rods are nearest to the ideal. 

Mr. Peek in his precautions savs: “ The spheres should be 
twice the gap setting from surroundings.” It is rather indefinite 
as to just what this means. We have interpreted it at Pitts- 
ficld to mean that no part of the wooden supporting standard 
or metal shank bushings shall be nearer to anv point of the 
spheres than twice the maximum gap length. When you figure 
on 75-cm. spheres, which we have at Pittsfield, and allow a dis- 
tance of 150 cm. from the supporting standards to the spheres, 
and 75 cm. as the maximum gap, this gives 525 cm., or about 
17 ft., between sphere gap standards, and this means a great 
expense in treated wood and in floor space. 

I understand that the new Institute rules are more lenient in 
this respect, reading that ' No extrancous body or external 
part of the circuit shall be near the gap within twice the diam- 
eter of the spheres.” With the 75-cm. spheres, the distance 
between standards would be, according to this rule, 375 cm. or 
about 12 ft. The rule might well be further modified, a dis- 
tinction being made between bodies that are insulating, and 
metallic bodies. 

We have made a few tests recently to check the effect of wood, 
metal and porcelain on the sphere gap arc-over, when these 
objects are placed at different distances from the spheres, and 
we find that wood and porcelain have practically no effect when 
placed as close as one-half the gap distance away from the 
spheres. Metal, however, appreciably reduces the spark-over, 
that is, when a sheet of metal was placed one and one-half times 
the gap distance away from the spheres, the spark-over voltage 
was reduced four per cent. 

Mr. Fortescue questioned the statement in regard to the 
effect of metal on the shanks. To check this we made some 
tests, placing a disk of a diameter equal to the diameter of the 
sphere (12.5 cm.) on the shanks at different distances from the 
sphere, and we found that when this disk was placed on the 
shank of the non-grounded sphere (these tests were all made 
with one sphere grounded) it made as high as 3 per cent difference 
оп the spark-over. These values were checked several times, 
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the voltages being determined by a voltmeter coil placed in 
the center of the high-tension winding of the testing transformer. 
We have found the voltmeter coil to be very accurate and valu- 
able for this kind of work. 

E. P. Peck: I want to ask Mr. Peek what he meant by say- 
ing, on page 911, “ For steep wave fronts a higher voltage is 
required to spark over a given gap than for low frequency.” 
The rest of the paper indicates that the higher the frequency 
the lower the spark-over. This one remark indicates the other 
direction. 

J. R. Craighead: A previous speaker mentioned the practise 
of using the voltmeter coil in the middle of the transformer as 
a means of reading the voltage, and at the same time spoke of 
using one of the spheres as grounded. Now, it sometimes be- 
comes convenient to ground the transformer in the middle 
when the voltmeter coil is there, to protect the voltmeter coil. 
I would ask Mr. Peek if he can tell us anvthing about the re- 
lation of this to the grourded curve and the ungrounded curve. 
Also, what is the effect of the ground placed at some other point 
in the circuit? 

Е. W. Peek, Jr.: Mr. Chubb states that after a given high 
voltage is reached, spark-over will result betwecn spheres по 
matter how far the gap length is increased. In other words, 
the law which I have given suddenly ceases to hold. The curve 
becomes discontinuous. 

Theory at once explains this discrepancy, when the cause 
may be readily corrected or removed in practise. The curve 
is really continuous. The reason for the discrepancy 1s as 
follows: 

The spheres with their connecting leads make up a circuit 
of capacity and inductance. А local spark-over or static spark 
on a section of a supporting bushing, from the end of a connecting 
wire, etc., will cause a readjustment of energy distribution in 
the circuit. Ап oscillation or high transient voltage results, 
which is superposed upon the applied, voltage and causes the 
sphere gap to spark over. The actual voltage at the sphere 
gap may thus easily be double the applied voltage, or the voltage 
read at the meter. The sphcre gap may thus, under this con- 
dition, be lengthened out to a considerable extent, or to the limit 
of the transient voltage, and spark-over will result. The 
sphere measures the transient voltaye and not the applied voltage. 
The applied voltage at which the curve appears to become dis- 
continuous, is the critical voltage for local breakdown some- 
where, as on leads, etc. The transient follows. Тһе effect may 
be easily reproduced in tke laboratory at fairly low voltages. 
It is more likely to occur in practise at high voltages because 
static sparks are most likely to occur at high voltages. The 
remedy is to arrange leads and conductors so that local static 
sparking does not occur and so that the gap supports аге in- 
sulated to withstand the voltage to be measured. The resistances 
should be placed directly in series with the gap and as near the 
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spheres as possible. Тһе sphere рар is much more sensitive 
. to transient voltages than the needle gap. Care must always 
be taken to prevent these voltages rcaching the gap, unless it 
is desired to measure them. 

Ав an example: А sphere gap without series resistance was 
placed in parallel with a string of insulators, and voltage applied. 
The known arc-over of the insulators was 300 kv. The sphere 
gap was set for that voltage. At 295 kv. static sparks occurred 
on the insulator unit near the line end. The sphere gap sparked 
over, due to the resulting high transient voltage, and relieved 
the pressure. Тһе gap was lengthened. At 295 kv. the tran- 
sient again occurred and caused the sphere to spark over. It 
was in this way necessary to increase the sphere gap to a spacing 
equivalent to 400 kv. before the insulators sparked over. Тһе 
spheres in this case measured the transicnt voltage. Іп such 
tests it is preferable to use the spheres only to calibrate the wave 
shape and transformer ratio. This should be done at a voltage 
below that at which static sparks appear on the insulator. 

We have, since the paper was written, actually checked a 
calculated curve for 75-cm. spheres up to 700 kv. with good 
agreement. It was, of course, necessary to use a very well 
insulated stand and leads, сіс., at this voltage. 

The effect of altitudes must be the same at high voltages as 
at low voltages. At high voltages the spacings are greater than 
at low voltages; the resulting gradients upon which the break- 
down depends are the same. In my former papers I have shown 
that the decreased strength of air at high altitudes is the result 
of decreased air density, and that the effect is the same whether 
the change in density 16 due to temperature or to pressure. 

Mr. Dwight's discussion is interesting. I should like to see 
the data. 

The term “ high frequency” is at present very loosely used 
and under it are included continuous high frequency, and tran- 
sient voltages, as oscillations, steep wave front impulses, etc. 
The effects of these are. naturally quite different. There аге, 
in this way, many apparent discrepancies in the effects result- 
ing from the “ same” cause—"' high frequency." The term 15 
thus used to explain many “ mysterious” failures. The sphere 
gap, when the maximum spacing is limited to the diameter of 
the spheres, measures with fair approximation high frequency, 
and transient voltages. In case of hgh frequency care 
must b» taken to polish carefully the surface of th» spherc. 
The needle gap does not even approximate such voltages. 
At continuous high frequency the needle gap curve is 
changed bv the intense local heating; at steep wave front 
bv the limited time. This is discussed in my paper. 
I have given a theoretical explanation in former discussions.* 
It may be of interest to give an example of impulse voltage here: 


*August, 1914, PROCEEDINGS, page 1200. 
'" High Voltage Engineering", Journal of Franklin Institute, Dec. 1913. 
October, 1914, PROCEEDINGS, page 1653. 
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of max. by 25-сіп. age calculated 60 cycles 
Needle spheres using | from circuit |————————————— 
cm. 60 cycle curve constants Needles Spheres 
=== k = l 
| 
2.3 26.0 36.6 39.5 1.41 1.08 
3.95 39.5 50.5 60.5 1.45 1.02 
5.34 51.5 73.5 74.5 1.45 1.01 


A higher impulse voltage is required to cause the needles to 
arc over than at 60 cycles. The spheres arc over at approxi- 
mately the same voltage at 60 cycles and impulse. This par- 
ticular impulse reached its maximum in 0.00045 milliseconds. 
A steeperimpulse would require a still higher voltage on the ne dle 
gap to cause arc-over; with cont nuous high frequency the 
needle sparks over at lower voltages than at 60~. Great 
caution is thus necessary in making “ high frequency ”’ 
tests. Much damage mav also be done to apparatus, 
etc., as I have pointed out, unless tests are made with 
caution. Care should b> taken to place the spheres at 
a considerable distance from ground and from large metal, or 
other conducting masses. Іп no case should this distance be 
less than twice the sphere diameter. This is so whether both 
spheres are insulated or one sphere is grounded. The curves 
for both spheres insulated were made with the neutral at mid- 
point. To be sure of this, it is desirable that the transformer 
neutral be grounded. Carbon rods mav be made in which the 
resistance 1s not greatly affected at high voltages, but rods as 
generally made are affected. 

Dr. Whitehead has developed an extremely interesting method 
of measuring high-frequency voltages. I have also noticed the 
phenomenon of vibrating wires which Dr. Whitehead mentions. 
Photographs showing this are given in my 1912 paper. 

Referring to Fig. 5, in the paper of Messrs. Clark and Ryan, 
I would like to call attention to the fact that at small spacings 
the 60-cycle curve is also approximately a straight line. At 
higher voltages the high-frequency curve will bend as the 60- 
cycle curve does. For 7-in. (17.8-cm.) spheres, curve III will 
fall closer to I and II. | 

John B. Whitehead: It is interesting to ask, in connection 
with this question of frequency, to what conclusion these papers 
lead us. Considering the ascending range, there is evidence 
from our experiments that with increasing frequency there is a 
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slight, but certainly evident, lowering of corona-forming voltage. 
There have been one or two suggestions, by Mr. Fortescue and 
others, of possible sources of erroi, and at first glimpse it appears 
that these errors, if thev exist, would be in the direction of 
lowering the apparent corona voltage. In mv opinion, however, 
these errors аге not present. 

In Mr. Peek's range of frequenev, up to 40,000 cycles, а 
further lowering is indicated; and then going up to the maximum 
range, Professor Rvan has а still further lowering. In ihe case 
of oscillating circuits, long associated 1n our minds with brush 
discharges, it would not be an astonishing thing to find that at 
higher frequencies we would have lower corona-forming voltages. 
А4 the same time, high values of peak voltage which cannot be 
detected often occur in oscillating circuits, so it is not necessarily 
the case that we must have a lower corona voltage in a high- 
frequency circuit, simply due to the higher frequency. 

In Mr. Peek's description of the experiments at 40,000 cvcles, 
he suggests that if his spheres had been more carcfullv cleaned 
һе might have gotten a discharge voltage which would be more 
nearly that observed ай comercial frequencies. Не also 
measured his voltages, as I understand it, with an electrostatic 
voltmeter. Although he states that correction has been made 
for wave form, the static voltmeter measures cffective values 
and it would be interesting to know how he has applied correc- 
tion at these frequenceis. 

The observations reported in the paper by Messrs. Clark and 
Ryan, as to the ratio of lowering at still higher frequencies, show 
a remarkable lowering of corona voltage. It is to be hoped that 
Professor Rvan will repeat some of his interesting experiments 
and corroborate the present results bevond question. 

Summing up the three papers, there 15 a distinct evidence of 
lowering of the corona voltage with increasing values of the fre- 
quency. The amount of that lowering 1s apparently small, 
except possibly at very high frequencics. For these high tre- 
quencies more observations are desirable. — . 

With reference to Mr. Fortescue's suggestions as to possible 
errors in our observations due to the presence of the mercury 
gap and the incrtia of the generator, we did no. use the mercury 
arc itself as a rectifier. Our two mercury ares were excited bv 
independent continuous-current circuits, and we had che auxil- 
lary clectrodes in the mercury tube, simply using the very 
copious ionization which is always present in a mercury arc as 
a conducting path which had, of course, only unipolar conduc- 
tivity. The very small current carried, and the fact that the 
tube was in series connection, indicate oscillation as a very 
remote possibility. At the same time, the suggestion 16 possibly 
an explanation of the unstable conditions in the region near 
400 cvcles where we found evidence of resonance. 

The inertia of the generator was simply mentioned as one of 
the factors which led us to believe that we had stable conditions, 
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conditions which were uniform at all times, and our observa- 
tions were repeated so definitely throughout that there is 
hardly a chance for error on account of the possible fluctuation 
of the mass of the armature. 

In reference to Mr. Ewing's comment on the possible error 
in using a permanent magnet type of instrument for reco1ding 
average values, this type of instrument has been used for taking 
average values ever since the days of the first contact makers 
for measuring wave forms. It would be interesting to know 
for what range of pulsations Mr. Ewing made his observations. 
We are, of course, working here up between one thousand and 
three thousand cycles, far above the highest commercial fre- 
quencies. 

Before closing the mecting, I would like to report an expcri- 
ment which has recently been made abroad, the news of which 
has come to me іп a letter. It is a matter of very great 
interest and with your permission I will take about five minutes 
to tell you about it. There has been no official publication of 
it as yet, but the publication will follow, and the word that 
comes to me from one of my colleagues who was present, and 
saw the experiment, is what I wish to report to you. 

We are all familiar, of course, with the mechanical analogies 
that are drawn between electric circuits and the motion of 
masses, in which we consider inductance as mass, capacity as 
elasticity and resistance as the friction in a mechanical system. 
If we follow this analogy, and hark back to one of Newton's 
laws, that a body will persist in its state of motion unless acted 
on by some external force, it will explain the experiment in 
question. If we could realize mechanically the motion of a 
body absolutely free from all friction, the body would go on 
moving indefinitely. 

Professor Kamerlingh-Onnes of Levden has produced the cur- 
rent which does not die out, and which is not excited by any 
electromotive force, thus realizing the analogue of the moving 
mass free of all friction. Тһе experiment is briefly this: He 
takes a coil of fine lead wire of about 1000 turns, and about 2 cm. 
in diameter, and short-circuits it on itself. This coil is placed 
in a strong magnetic field, the lines of force threading this 
round coil. А vessel of liquid helium is brought up so that the 
wire may be immersed in it, while still remaining іп the magnetic 
field. The liquid helium sets up tempcratures which are far 
lower than any temperatures we have known, even lower than 
the temperatures that may be got from liquid air and liquid 
hydrogen, temperatures which are at lcast in the neighborhood 
of the absolute zero. If vou take curves showing the relation 
between the specific resistances of material and temperature, 
these curves for all substances are all straight lines and all 
tend down to the absolute zero, indicating that the resistance 
would become zero if the temperature were extended to the 
absolute zero. "The liquid helium brings us nearer to it than 
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we have ever been before. Now, with the helium, we have 
а coil of lead wire in a strong magnetic ficld, and at a tempera- 
ture, we will say, in the neighborhood of absolute zero, minus 
273 deg. 

Under these circumstances the circuit of the exciting magnet 
is broken, inducing an clectromotive force and consequent 
current in the short-circuited coil, which 1s near absolute zero, 
and therefore near zero resistance. Consequently, there is no 
frictional element, no damping factor, if vou please, and 
the current should go on indefinitely since the coil has no resist- 
ancc. It went on during a period of four to five hours, which was 
stated as the time of observation of mv friend. There was no 
indication of a diminution of the current in that coil at the end 
of from four to five hours. 

М. С. Lloyd: What was the evidence that the current was 
continuing? 

J. B. Whitehead: It was not stated. Тһе exciting circuit 
was broken, and the exciting magnet removed. I should 
imagine the evidence would be the influence of the coil on a mag- 
netometer needle. It seems the most obvious wav. 

W. B. Kouwenhoven (communicated after adjournment): 
The three excellent papers presented under the auspices of the 
Electrophysics Committee all had to do with high voltages, and 
in all of them the accurate determination of the voltage plays 
avery important part. I wish to bring to the attention of the 
members a method for measuring the effective value of alter- 
nating-current voltages, which has a very high degrce of accuracy. 
This method consists, brieflv, in using a high resistance con- 
nected in series with a small resistance across the high-voltage 
terminals, and measuring the drop of potential across the small 
resistance with a quadrant electrometer. 

Suppose that a high resistance R and a small resistance r be 
connected in series across a potential difference of V volts, and 
that the drop of potential across the small resistance is v. Then 


R-cr ; ( 
V = TT v. This method, when used for direct current and 


low voltages, is simple and accurate. When apphed directly 
to alternating currents and high voltages, however, it 1s no 
longer accurate, because of the capacity currénts which flow 
not only from the resistances to earth but also between the 
different parts of the resistances. Оп account of this the cur- 
rent passing through the resistances can no longer be considered 
as quasi-stationary; the ratio 


Vo К-т” 

U r 
holds no longer, and the voltages in different parts of the re- 
sistances are in phase neither with each other nor with the total 


voltage. It is possible, however, so to construct the resistances 
that the inaccuracies are eliminated. 
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Let us consider such an arrangement of resistances theoreti- 
cally. Suppose that the large resistance be divided up into л 
units or divisions №, Re, R3,..... R,, and that these are so 
small that we may consider the current in each to be quasi- 
stationary, and that the current in going from division to 
division changes slightly in value and 1n phase. This arrange- 
ment is illustrated in Fig. 4. One terminal of the high voltage 
is connected to the resistance division R, and the other to Ri 
and at the same time to earth. Now in R, the capacity currents 
to earth are the largest and these currents are ahead of the 
total voltage in phase. "Therefore the voltage drop v, in this 
resistance unit leads the total voltage V. Тһе voltage drops 
in the various resistance divisions and the total voltagc form a 
polygon as shown, and it follows that the voltage drop in Кү 
lags behind the total voltage. Voltage measurements аге 


ay —- 


Y 


Fic. 4 


usually carried out at the earthed pole and the problem ге- 
solves itself into bringing the current and voltage in R, into 
phase with the total voltage, and in determining the value of 
the ratio between V and v. 

A set of eight resistance units based on this principle was 
built in the laboratories of the Reichsanstalt, Germany. The 
German resistance units were wound with manyanin wire; the 
maximum voltage drop per unit, without over-heating, was 
3000 volts. I built a sct of resistance units using a liquid re- 
sistance as a substitute for the wire resistances in order to de- 
termine if, by so doing, it was possible to increase the voltage 
range of the apparatus and to use an electrolytic resistance 
for this purpose. The electrolyte was the so-called Manganini 
solution, and proved very successful. 

Each resistance unit consists of a Jena glass tube which con- 
tains the solution. These tubes are about a mcter in length, 
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have a diameter of approximately 1 mm. and are fitted with 
expanded ends to allow room for the electrodes. With tubes 
of these dimensions it is possible to construct a resistance unit 
of 24 million ohms per meter length. In order to define the ca- 
pacity to earth, cach tube is fitted with a metal cvlinder slightly 
longer than the tube and of 10 cm. inner diameter. These 
cylinders are well insulated from the Jena glass tubes and the 
entire arrangement may be regarded as a cable whose central 
conductor has a high resistance per unit length. In order to 
bring the current at the earthed pole into phase with the total 
voltage V, it is necessary to applv a voltage to the metal cvlind- 
ers such that there will exist a certain definite difference of 


25 Kv. 
° 
45 3:5 6.0 | 6,5 2:5 1.0 
Уа R lA; К R зле R уг R г! 
21.5 16.0 10.0 3.5 Е 
К, 25 Rs 3 к, 3 R, 2.5 
6.0 6.0 6.0 6.0 
221222 ee ees ABE TEES, EMS RR ARE EN TY 
Fic. 5 


potential between the earthed end (end of tube nearest earthed 
connection) of the tube and its protecting cylinder. The so- 
called tclegraph formulas of Maxwell applv to a cable of this 
construction, and, Бу solving them, it 1s possible to ascertain 
what this potential difference should be. 

The Manganini solution or the 2 normal manitol, boric acid, 
calcium chlorid solution was used as the clectrolyte. Accord- 
ing to Maltby! this solution contains: 


Mant ons epee ЛЛ ОГО 121.1 grams per hter 
borre ICE, oc andre ERS qaa 11.2 grams per liter 
calcium chlorid. .............. 0.06 grams per liter. 


l. Maltby, Zeitschrift. f. Ph. Ch., 18, 5. 133, 1895. 
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To this solution I added one part of distilled water. Under 
these conditions the solution has a conductivity of about 0.00044 
and between the limits 17 дер. and 24 deg. cent. the change in 
the resistance is less than 1/10 of one per cent. 

The electrodes were of platinum and were plated with spongy 
(black) platinum in order to reduce the polarization to a mini- 
mum. The phase displacement due to the polarization was 
measured and found to be about two seconds of arc at а fre- 
quencv of 50 cycles and with a current density of from 0.3 to 
2.0 milliamperes per sq. cm. of electrode surface. 

The resistance set which I built consisted of four resistance 
units. The set has two circuits, a main circuit, which consists 
of four resistance units, and a secondarv circuit, which supplies 
the metal cvlinders that protect the resistance units with volt- 
age. Nine tubes 1n all were used, four in the main and five in 
the secondary circuit. 

In Fig. 51% has been assumed that a voltage of 25 kv. 1s being 
measured. The main circuit, which contains the four resistance 
units and a resistance r across which the quadrant electrometer 
is connected, is shown at the bottom part of the figure. The 
25 kv. is supposed to be divided in this circuit as follows: 


In the resistance ғ there 1s а voltage drop v = 1 kv. 
E “ пті К, there is a voltage drop Vi = 6kv. 
« ч | « “ Р, “ € &« “ « Vs = 6 kv. 
« “u “ “ R, “ € u « « V3 = 6 kv. 
“ “ « “u Р, & с &« « & Vi — 0 kv. 


The total voltage in the main circuit is v + V4 + Vo + V3 V. 
= 25 kv. The metal cvlinders which protect the resistance 
units and give them a definite capacity are shown by the heavy 
black lines. Тһе secondary circuit; which supplies the proper 
potentials to these cylinders is seen in the upper part of the 
figure. In order to provide the correct potentials the resist- 
ances in the secondary must be of different sizes. In the second- 
ary circuit the voltage is divided as follows: 


In the resistance r’ there 15 a voltage drop of | 1.0 kv. 

© oW ^ 5.12 R there is a voltage drop of 2.5 kv. 

€ .& « 13; 12 R с ч« н s “ 6.5 kv. 

& “ “ R « «€ & “« “ “ 6 5 0 kv. 

& & 11 12 R & « & « “ & 5. 5 kv. 

& “ « 7/19 R “ и & & “ “ 3 f 5 kv. 
The total voltage in the secondarv circuit is 25.0 kv. 


The potential differences between the tubes 1n the main circuit 
and their protecting cvlinders are also shown in the figure. 
There are, for the end resistance units R, and R, (in this case 
R,), 5/12 of the voltage drop per resistance umt or 2.5 kv.; for 
all other resistances Ro, R3,...., 3 of the voltage drop per unit 
ог 3.0 Ку. The tubes or resistance units in the main circuit are 


124 | HIGH-TENSION TRANSMISSION [June 24 


all of the same size and have been designated bv the letter R. 
The tubes in the secondarv circuit are of various sizes, which 
have been given in terms of R, thus: 5/12 R, 7/12 В, etc. 

With this set it is possible to measure voltages as high as 
27,000 volts with all four resistance units in the main circuit, 
but for lower voltages it is advantageous to use fewer tubes. 
I should recommend the following combinations of the resistance 
units: 

Up to 6000 volts, one resistance unit, and, in the secondary 
circuit, resistances 5/12 R and 7/12 R, and r =”. 

From 6000 to 12,000 volts, two resistance units, and, in the 
secondary circuit, resistances 5/12 R, Rand 7/12 R, andr = r”. 

From 12,000 to 18,000 volts, three resistance units, and, in 
the secondary circuit, resistances 5/12 В, 13/12 В, 11/12 R 
апа 7/12 R, andr = r'. 

From 18,000 to 24,000 volts, four resistance units, and the 
entire secondary circuit, and + = r’. 

For voltages much above 24,000 volts, extra resistance units 
must be added to the main circuit, and also in the secondary 
circuit an extra resistance R for each unit added to the main 
circuit. ` 

Tests of the resistance set that was built from resistances 
wound with manganin wire were made? at the Reichsanstalt, 
Germany, and I carried out a series of tests? on the sct that I 
built with the electrolvtic resistances. These tests showed that 
the theoretical assumptions were correct and that the voltages 
measured were accurate to within 3 of one per cent. 

It should be possible to use eight of these electrolvtic resist- 
ances in series without over-stepping the theoretical limits for 
accuracy, thereby increasing the range of a single set to approxi- 
mately 50,000 volts. With two such sets connected in series 
and grounded at the junction point, voltages of twice that 
magnitude could be handled. The use of the electrolytic re- 
sistances for high-frequency work possesses the advantage that 
they are free fiom self-induction, and with increasing frequency 
the polarization would disappear entirely. 

Three voltage transformers were tested for the constancy of the 
ratio of transformation. The primary voltage was measured 
in each case by a Weston a-c., d-c. voltmeter. The ratio of 
transformation was found in every case to be constant to within 
опе pet cent from about half voltage to full rated voltage of 
the transformer. For low voltages, however, the ratio of trans- 
formation gave results that were in some cases as much as four 
per cent too high, the error decreasing more or less gradually 
as half rated voltage was approached. Therefore investigators 
should be very careful when making high-voltage tests not to 
rely too much upon (he ratio of transtormation. 


2. Orlich and Schultze, Archiv. f. Elek., 1, S. 1 and 88, 1912. 
3. Kouwenhoven, Washington Univ. Studies, Vol. 1, p. 143, 1914. 
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DiscussioN ON ‘ THE EFFECT OF DELTA AND STAR CONNEC- 
TIONS UPON ‘TRANSFORMER WAVE Forms” (CURTIS), 
SPOKANE, WASH., SEPTEMBER 10, 1914. (SEE PROCEED- 
INGS FOR AvuGusT, 1914.) 

(Subject to final revision for the Transactions.) 

P. M. Lincoln: We тпау represent a three-phase system as 
in this diagram, in which the figure ABC may be assumed to 
rotate around its center O. The instantaneous voltages will 
then be proportional to the lengths of the projections upon a 
line, as XX. For instance, at the instant represented in the 
figure the instantaneous voltage of leg АО 15 zero, that of phase 

CB is a maximum, and those of phases 
АВ and AC are each one-half of the 
maximum, one increasing and the 
other decreasing. | 
If we so represent а three-phase 
D system, we will find that а third 
harmonic in the leg voltages OA, OB 
and OC will have the effect of causing 
C | 7 the neutral point О to rotate around 
the small circle D and the rate of 
rotation of the neutral around this 

X X. small circle will be three times that 

of the whole system around O. For 
instance, if we assume that the point А has advanced 10 deg., 
during the same time the ncutral will have advanced 30 deg. 

The diameter of the small circle D is dependent upon the 
amount of third harmonic that enters the leg voltages OA, OB 
and OC. It is cvident from this analvsis that we may have 
any amount of third harmonic voltages in these leg voltages 
without having anv third harmonic voltages in the phase volt- 
ages АВ, AC or BC. This physical conception has enabled 
me to see this problem more clearly than otherwise and I pass 
it on for what 1t is worth. 

L. J. Corbett: The papcr appeals to me as a very valuable 
one and one which requires a great deal of study. It brings to 
light some very interesting problems and I think this idea as 
given out bv our president is very valuable. It 1s a new one to 
me. I thought at first he was referring to the unbalancing of 
load which has the effect of shifting the neutral on thts three- 
phase triangle. 

A. A. Miller: It seems to me that this question is open for 
discussion bv the representatives present of the faculties of the 
several universities and also by the operating engineers. The 
effect of the oscillograph upon the ability with which we have 
to diagnose these cases is very marked. Some half dozen years 
ago there was absolutelv nothing of the kind to assist us; the 
effects of the higher harmonics were guessed at and such results 
as were acquired, were obtained by means of curves which were 
plotted more or less from a theorctical basis. By means of this 
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highly sensitive instrument which we now have, we can see 
exactly what transpires in these circuits. 

E. G. Robinson, Jr.: What results are gotten with open- 
delta connections? I think that is a connection that a great 
many of us are using to start with on our transformers for 
power and light; and the question arises іп mv mind, what is 
really taking place in your transformers regarding the circulat- 
ing currents, the triple harmonics and the circulating current 
in the delta where this delta is open; were these secured with 
a delta closed or the delta with one side open? I start with an 
open delta in my transformers and as mv load increases, or my 
power load increases, I close mv delta. I would like to have 
the author answer that question regarding the circulating cur- 
rents when using transformers with open delta. 

M. H. Gerry, Jr.: The old question has arisen of the relative 
advantages of delta and star connections for power transformers. 
No general conclusion has ever been reached in this matter, nor 
is there likely to be any definite answer, as there is no one con- 
trolling condition or set of conditions. Certain practises have 
arisen which have worked well in particular situations. Іп 
other places different practises have seemed best. There are 
so many things to be considered that, after all, the question 
is one of general expediency. 

L. T. Merwin: Along the line of a suggestion already hinted 
by Mr. Gerry I ask Mr. Curtis, in closing. to answer this ques- 
tion—What form of connection is advisable from the stand- 
point of the operating enginecr for protection of the transmis- 
sion line beyond the power house, sav for voltages ranging 
from 60,000 and up? The opcrating enginecr is particularly 
interested іп wave forms as well as circulating currents at two 
points, one between the generators and transformers at the power 
house and the other between transformers and line. Апа then 
again, what bearing has the wave form upon the breakdown 
point of his transmission line after it has passed bevond the 
power house? Will the star-delta or the star-star or the delta- 
star connection give the safest form of wave curve on the line 
from the standpoint of the breakdown? It is that which 1n- 
terests particularly the operating engineer. Mr. Curtis shows 
his oscillograph curves with transformer connections open on 
the high side; but with load on the end of a 150-mile high- 
tension transmission linc, what changes in the wave form will 
take place as against an open transformer bank? 

Livingston P. Ferris: І ask Mr. Curtis to cover thc follow- 
ing points in his closure: Just what wave form 1s considered 
in the comparisons upon which vou base your conclusion? By 
what criterion do vou judge the distortion of wave form charac- 
teristic of the different types of connections? Have you fol- 
lowed the recently adopted standardization rules of the In- 
stitute or some other standard? 

I will mention two circuit. arrangements for oscillograms 
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which have been found useful in the investigation of the Joint 
Committee on Inductive Interference in California. These 
circuit arrangements are designed to distort thc wave form of 
current through the vibrator, magnifying the higher harmonics 
in this wave as compared with their relative magnitude in the 
desired main line current or voltage wave. For current waves, 
the secondary of a current transformer is closed through a low 
impedance air core inductance coil, the constants of one such 
coil being 1.12 + 7 0.0468 f ohms. Around this coil is shunted 
the vibrator ОҒ the oscillograph in series with a condenser and 
rheostat. The amplitude of the wave and magnification of 
the harmonics in the vibrator current are controlled by adjust- 
ment of the condenser and rheostat in series with the vibrator. 
An analysis of the vibratof wave expressed in current units, 
together with a knowledge of the circuit constants, enables one 
to compute the value of the main line current corresponding 
to any harmonic. Care is necessary with this arrangement, 
in order that the impedance іп the secondary of the current 
transformer shall not be too high and particularly that the circuit 
shall not resonate at or very near the frequency of some har- 
monic which it is desired to measure. For voltage waves, the 
vibrator is connected in series with a condenser and rheostat 
and supplied from a potential transformer. Bv these methods 
of accentuating the higher harmonics the accuracv of their 
determination in the current and voltage waves is much increased. 

H. V. Carpenter: I would like to enlarge a little on the 
point that Mr. Curtis brought out, that the various connec- 
tions which he dealt with gives different losses in the trans- 
' former cores. That would have some bearing in determining 
the capacities of these different connections, the load capacities. 
It might be possible if Mr. Curtis has given the matter апу 
thought to tell us something about the amount of increase in 
rating that might be considered possible in certain cases over 
that of other connections. It would seem from the hysteresis 
diagrams which he showed that there might be sufficient saving 
in core losses there to make it appreciable in the load capacity 
of the transformer sets. 

L. F. Curtis: As to Mr. Robinson's question regarding the 
open delta: I regret that I have no oscillograms for this con- 
nection. I will predict that there will be an unbalance of volt- 
age between the three phases. There could be no third harmonic 
in any current flowing over a balanced threc-phase line, but if 
there 1s an unbalance, as would be the case with open delta 
excitation, there might be a diversity of third harmonic com- 
ponents in the different lines. This would probably produce 
a reduction of voltage across the open phase, causing the voltage 
triangle to become distorted, the shortest line representing the 
voltage across the open side. It would also be probable that 
the wave forms of voltage of all three phases of the two trans- 
formers would be different. It is quite probable that if one 
wave were flat the others would be peaked. 
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As to Mr. Merwin’s question: Papers which were presented 
at Pittsficld made similar reference to the subject from a prac- 
tical standpoint. From my observations, the wave forms are 
the best upon the lines with the star connection of transformer 
windings and connected generator neutral, but this connection 
is possible only when the transformer banks are not operated 
parallel with others of different characteristics. If such parallel 
Operation were attempted, as has been in some cases, circulating 
currents between the banks would flow over the neutral, causing 
heating which should be prevented. It appears to me that 
the best connection would be a star-connected generator, delta- 
connected low-tension circuit, and star-connected high tension 
circuit, with possibly a grounded neutral, the advantages of 
which were pointed out in the papers presented before the In- 
stitute at Pittsfield in May. The wave forms for this connec- 
tion are good. 

We know that an inductive load tends to flatten the higher 
harmonics and that the wave forms with the inductive load 
would then be much better than without it. The most scrious 
disturbances would probably occur on an unloaded line, because 
of the fact that the capacity of the lines exaggerates the higher 
harmonics in exact proportion to their order in the charging 
current. If we have, for instance, an eleventh harmonic on 
the line of say ten per cent it appears in the charging current 
or capacity current as ten times eleven or 110 per cent, so that 
upon the line open at the far end we would expect the greater 
distortion and the most trouble from the higher harmonics. 
During switching we may have other disturbances due to the 
fact that the three phases are not closed simultaneously, and 
as noticed from the experience on the California lines, the less 
trouble from switching seems to be caused when a grounded 
neutral with a star-connected high-tension circuit is used. 

As to the criterion for judging wave forms: I have not used 
the Amcrican Institute standard because it tells nothing of the 
order of the harmonics. In analvzing the waves, I have kept 
a record not only of the effective and maximum values of each 
wave, but the per cent and order of each harmonic, so that the 
due weight might be given to the harmonics of higher order. 
I might sav that in these investigations, that none above the 
fifth was objectionable. I used the connection suggested by 
Mr. Ferris, that of the condenser in series with resistance for 
exaggerating the harmonics in the voltage waves. Upon the 
generator used, the fifth was the only noticeable higher har- 
monic in the voltage wave. The tests were run throughout 
without any transmission line connected, so that effect of ca- 
pacity in the high-tension circuit may be neglected. It was a 
. no-load test throughout. 

As to the higher rating of the star-star-connected transformers 
because of the change in core loss; I think that this rating would 
be affected very little and would not be the criterion. In the 
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star-star connection the core loss is only a small percentage less 
than for single-phase. The rating of the transformer would 
be slightly greater, but on account of the objectionable voltage 
to neutral, the connection would probably be ruled out in any 
case. 

It is to be regretted that the paper is incomplete in that the 
author has been unable to deal with the wave forms of thrce- 
phase transformers. With three-phase shell-type transformers, 
the results would be very similar to those obtained with the 
three single-phase units, but with three-phase core type units, 
the wave shapes would be considerably changed. 

Since the recording of wave-shape was considered to be of 
prime importance, no special care was taken to calibrate or cor- 
rect meter readings. Portable instruments of the electrodyna- 
mometer tvpe were used for voltage readings. For the mea- 
surement of potential upon the high-tension windings a poten- 
tial transformer was introduced. Care was taken to discon- 
nect all potential reading instruments before taking current oscillo- 
grams. While the tests were not made with great scientific 
accuracy, uniform conditions were maintained throughout, 
making the results in the different cases comparable. 
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DISCUSSION ON “ SOME OPERATING CONDITIONS OF THE 150,000- 
Мот TRANSMISSION SYSTEM OF THE BIG CREEK DEVELOP- 
MENT OF THE Paciric LiGHT & POWER CORPORATION,” 
(WOODBURY) SPOKANE, WasH., SEPTEMBER 10, 1914. 
(SEE PROCEEDINGS FOR SEPTEMBER, 1914). 

(Subject to final revision jor the Transacticns.) 

J. Harisberger: There has been considerable discussion 
as to the necessity of synchronous condensers on this system. 
I would like to know what actual practise in the operation of the 
system has brought out; could the system be operated satis- 
factorily without the use of svnchronous condensers? 

Mr. Woodburv's paper states that under conditions of short 
circuit the waterwheel governors shut off water before any appre- 
ciable change of speed can take place. I had the impression that 
the contrary would take place, that the governors would open 
up the gates. 

I would also like to know if there are any transpositions in 
either of the transmission lines? 

J. B. Fisken: One thing that struck me in listening to Mr. 
Woodbury’s paper was the apparent success of the preliminary 
work. If all the work that Mr. Woodburv has told us of, has 
developed only the troubles he describes since the line was con- 
structed I think he is entitled to congratulations. I am reminded 
of an experience we had here eleven years or so ago when we 
first put into commission the line from Spokane to the Coeur 
d’Alene mines at 45,000 volts; none of us ever had the experience 
of seeing a line in operation at 45,000 volts; wedidn’t know what 
was going to happen, and inquirics were made as to what we should 
look out for. We were advised that all we had to do was to 
patrol the line and if the patrolman heard any insulators making 
any noise it was a sign they were defective. The noise. was 
described as like the noise of frving steak. We energized the 
line and every insulator in that line sounded like frying steak, 
but there was not a single case of trouble; that of course was a 
comparatively low voltage. 

It occurs to me that it might be possible to improve the operat- 
ing conditions bv adjusting the voltage so that for the greater 
part of the дау the synchronous condensers might be cut out. 
The load factor is high, and I would like Mr. Woodbury to tell 
us whether it would be a practical operating proposition to cut 
out the synchronous condensers sav from about six o'clock 1n the 
morning and until eight o'clock at night. Of course, the only 
advantage of that is that it is a little less for the substation at- 
tendants to look after. 

Another point in which I would like to hear some discussion 
is the method of tving down the conductors to prevent uplift in 
cold weather. In the line described bv Mr. Woodbury, they use 
two strings, one of which would be in tension in hot weather and 
the other in tension in cold weather. In our tower line, we have 
only one short tower line, we usc two dead-end insulators for the 
same purpose and it would be interesting if we could get discus- 
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sion on that and try to formulate an idea as to which is the better 
one. 

One other thing I would like Mr. Woodbury to tell us about; 
that is whether they use any resistance or reactance in the ground 
connections or whether it is a dead ground. 

A. A. Miller: I have one question I would like to ask Mr. 
Woodbury. He mentioned the fact that in the 100-mile section 
of transmission line an induced potential of 4200 volts exists to 
ground. How frequently is this 100-mile section grounded when 
repairs are being made, at one place or more than one place? 

М.Н. Gerry, Jr.: The achievement of operating a line at 
150,000 volts is a most creditable onc and indicates in a marked 
degree the great progress in electrical transmission made in the 
last twenty years. This is a comparatively short time for the 
development to take place from potentials around 2000 or 3000 
volts up to 150,000 volts or even more. It was my good fortune 
to be connected with the transmission business during the early 
days, some seventeen or eighteen years ago. About that time we 
built a system in Montana and began operating at 50,000 volts. 
It was then impossible to get a manufacturer in this country to 
endorse that voltage or unqualifiedly guarantee the transforming 
apparatus. I remember that we made a compromise by arrang- 
ing to drop to half voltage if anything serious happened. Asa 
matter of fact, a good many things did happen, but nothing oc- 
curred to disprove the general principle that high voltage was 
desirable and essential for long-distance transmission of power. 
It israther an interesting fact that high-voltage transmission was 
developed in the West; the reason being that it was essential to 
accomplish the results under the existing conditions, and for the 
further reason that Western engineers and Western men generally 
were free from prejudice and were accustomed to undertake prob- 
lems and seck solutions without regard to what had been al- 
ready accomplished, provided that there seemed to be no good 
reason why it could not be done. As I have already said, we 
constructed in that early day a transmission system between the 
Missouri River, near Helena, and Butte, a distance of about 
sixty-five miles, operating at 50,000 volts. "This system trans- 
mitted a large amount of power and was a success from the start. 
À few years later the pressure was raised to 70,000 volts, and now 
in the same vicinity there are lines operating at 100,000 volts and 
transmitting power up to 150 miles. My experience with all 
these lines has been most satisfactory. The troubles were few and 
mainly of a mechanical nature. Of course it took several years 
to analyze the insulator problem and to determine the necessary 
conditions, in that direction, but to-day there is practically no 
electrical trouble on transmission lines on the Montana systems. 
In our part of the country the transmission lines in places reach 
considerable altitudes, and I would be interested to know the 
maximum altitude reached on the lines described by Mr. Wood- 
bury. 
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E. Woodbury. Five thousand feet. 

М.Н. Gerrry, Jr.: Іп Montana the lines sometime reach 
altitudes around 7000 ft. In such high altitudes there is some 
evidence of loss at the highest voltages, but as it is local it does 
not affect the general result. Most of the transmission lines in 
Montana are of wooden pole construction up to about 70,000 
volts; at higher pressures the lines are mainly on steel towers. А 
very large amount of power is handled in this section, the princi- 
pal transmissions being from points near Helena and Great Falls 
to Butte and Anaconda. The principal load 1s in the form of 
induction motors but there are also a number of synchronous 
motors used for operating air compressors and direct-current 
motor-generator sets. Every conceivable kind of load is handled 
on the Montana system; power, railway, lighting and all kinds of 
industrial applications to which electrical current can be applied. 
All the lines and power plants are now in one grcat system and 
but little trouble is experienced. with regulation or with inter- 
ruptions of service. 

V. H. Greisser: I would like to inquire of Mr. Woodbury 
whether anv extended tests have been made regarding the dis- 
tribution of potential on the scparate units and across the string 
of units of the insulator, and in general what was found. Also 
whether any tests have been made regarding the question of w hat 
we might perhaps call aging of insulators. 

E. Woodbury: Mr. Harisberger and Mr. Fisken and Mr. 
Fraser have all asked about the same questions, about whether or 
not the condensers were necessary. I think vou will find in the 
first part of the paper it says that the inherent regulation of the 
line 15 from 10 per cent above to 20 per cent bclow power house 
potential. I think that the principal excuse for the condensers 
is the remarkable regulation that thev afford us. With the con- 
densers in the receiving station we hold the voltage exactly where 
it is wanted at all times of the day and night, without any refer- 
ence to what the power house is doing. When we first started 
up, the telephone line was not complete and we operated for 
about thirty days without any telephone line, and we gave very 
good service. "The two condensers are 15,000 kv-a. cach, making 
30,000 Ех-а. of leading component, which is required a good part 
of the day. Now, that would have to be supplied elsewhere or 
else the power house voltage would have to be raised to about 
175,000, which would be approaching the limits of corona loss. 

The matter of using steam turbines for condensers is quite fca- 
sible, as Mr. Fraser mentions, but with us we have the vertical 
tvpe and of course it is out of the question to separate the genera- 
tor from the turbine. 

We are also informed that we should not run the turbines with- 
out having steam on them, so there is some expense to produce 
enough steam to keep them in operation even though thev are 
carrving wattless current. 

Mr. Fisken's question about not running the condensers from 
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6 a.m. to 8 p.m.—Now, that is the time we need them thc most. 
This curve in Fig. 3 only shows the kilovolt-amperes of one con- 
denser in that at that particular time the other condenser was 
shut down and turbines in the steam plant were supplving 15,000 
kv-a. wattless component,so that vou сапвес that from about 7a.m. 
the condenser is up to almost 1300 amperes, which is 15,000 kv-a. 
and it runs right through with a drop at the noon hour; otherwise 
if we did not have the condensers thc power house voltage would 
go up to 175,000 or so with the constant difficulties in regulation. 

Mr. Miller's point about the linc 100 miles or so long having 
4200 volts induced potential—before we ground either end of 
that 100-mile section, we make a static voltmeter test to get the 
true potential, and find :t 4200 volts, and when we ground the 
other end, it drops to about 500, and then we put another ground 
at this end. Also the linemen all have positive instructions to 
put their ground on before doing any work. 

In regard to Mr. Greisser's question concerning the stress on 
the different units, we have never made апу tests on that, but 
there were some made at the time the insulators were being manu- 
factured when thev were tested for flash-over, etc., and I don't 
know just what means thev had of determining what the stresses 
were, but we got the report that the stresses were very uniformly 
divided, which does not seem to agree with some articles I have 
read and papers presented before the Institute. Of course, as 
to the aging of insulators, we have not been operating long enough 
to know about that, we have been operating only about ten 
months. As to the mechanical stress, they will stand about 
10,000 pounds and we use two strings in parallel, so that the stress 
is divided, about half of the stress 1s on each string, and normally 
there will only be about 5000 pounds altogether, only about 
2500 on each string, but they will go as high as 8000 or 10,000 
lb., so that would be 4000 or 5000 on each string. Long spans 
of course are strung the same as the short ones, all pulled up with 
the dynamometer to the same tension. 
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Discussion ON “ ELECTRIFICATION OF THE BUTTE, ANACONDA 
AND Paciric RAILWAY)” (Cox), SPOKANE, WasH., SEP- 
TEMBER 10,1914. (SEE PROCEEDINGS FOR NOVEMBER, 1914.) 

(Subject to final revision for tne Transactions.) 

Paul Lebenbaum: This paper looms up as an oasis of facts 
in a desert of ghttering generalities, and records a distinct step 
forward and upward іп heavv railway electrification. It is 
unique in that it sets forth, not only facts, but actual figures 
on opcrating results, for a road that made the change from 
steam to electricity solely in order to obtain increased capacity 
and greater economy in operation. Most, 1 not all, of the heavy 
electrification has been done for the purpose of overcoming an 
operating condition for which steam was unsuited, such as the 
New York terminal clectrifications, the work of the Great North- 
ern at the Cascade Tunnel, etc. It must therefore be peculiarly 
gratifying to the management and its engineers that the econo- 
mies resulting from the change were so quickly and positively 
established. 

It would, no doubt, take some time to properly correlate and 
digest the many figures that Mr. Cox has presented; what 
little I have to contribute to the discussion will therefore be 
in the nature of a comparison with some of the results obtained 
on the Portland, Eugene & Eastern Railway, operating at 1500 
volts over some 105 miles of single track road, exclusive of sid- 
ings. All passenger movements are electric, freight being still 
handled by steam, the speeds in passenger service exceeding 
50 miles per hour. 

It appears that 90 per cent of the B. A. & P. train mileage is 
made in freight service at the comparatively low speed of 16 
to 17 miles per hour, while all of our passenger service is at 
much higher speeds. Both roads use the US-122-E. type of 
pantograph, having a five-inch diameter roller, as a current 
collector, the B. A. & P.’s problem being to pick up large currents 
at low speeds and the P. E. & E.’s smaller currents at high speeds. 

We make approximately 45,000 train miles, or 120,000 motor 
car miles, per month. Each motor car uses its pantograph, 
there being no power bus on our equipments. I was therefore 
interested in Mr. Cox'sstatement as to the average life of collectors 
being 10,000 to 12,000 miles. We have also found it necessary 
to equip our collectors with a roller type of bearing, discarding 
the graphite bushings originally furnished. Since that time 
we have made well over 20,000 miles each on enough collectors to 
convince us that 50,000 miles should be the average collector life 
under our conditions, where each motor car takes from 100 to 
150 amperes. It no doubt 15 reasonable to assume that the 
smaller mileage made by the B. A. & P. rollers is in part due to 
the heavicr currents they must collect; although the lower 
speeds made by 90 per cent of their rollers should, to my mind, 
somewhat offset this latter condition. 

The whole subject of current collection, in small or large 
quantities at high or low speeds respectively, presents a very 
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interesting problem, the solution for which, at least in this 
country, is yet to be found. | 

I noted that equipment trouble on the 2400-volt locomotives 
was negligible. We have also had practical freedom from 
serious troubles; іп one or two instances arcs from the circuit 
breakers have jumped to ground, due entirely to the method 
of venting the gases engendered by the breaking of the current. 
I ask Mr. Cox whether the B. A. & P. has had any similar ex- 
periences in the breaking of high-voltage arcs. 

C. P. Kahler: I note that a comparison has been made 
between the electric and steam operation costs of the Butte, 
Anaconda & Pacific Railroad, and that a 20 per cent earning 
on the investment for electrification is shown, based on the first 
six months’ records of the operating expenses. I would hardly 
think that a comparison based on six months’ records would 
give a correct idea of the relative costs of electric and steam 
operation of this railroad. For instance, take the item of 
locomotive repair costs, which are usually divided into two 
parts, light running repairs and shop or heavy repairs. Six 
months’ service with electric locomotives would give very little, 
if anything, on the shop or heavv locomotive repairs, and 
consequently I would judge that the electric locomotive repair 
expense for the first six months would necessarily be consider- 
ably less than will be the casc after the locomotives have been 
in operation several years and sent through the shops once or 
twice. I have noticed that the repair costs of steam locomo- 
tives usually start out at a very low figure per locomotive-mile, 
and gradually incrcasc, as the locomotive gets older, until the 
cost per locomotive-mile will quite often reach several times 
the cost when the locomotive first began operating. Conse- 
quently I would hardly think it proper or fair to the steam 
locomotive operation to compare the first six months’ expenses 
of the new electric locomotive operation against the cost of 
maintaining a few old steam locomotives. 

The steam locomotives used in operating the Butte, Ana- 
conda & Pacific were not very large when compared with the 
size of the steam locomotives used on тапу other railroads, 
and it would be interesting to know what saving would have 
been made by replacing the old steam locomotives of the B. 
A. & P. with new and larger steam locomotives, and also what 
would be the saving by electric operation as compared with 
steam operation, using large steam locomotives. 

For some time past I have been of the opinion that the 
greatest saving which would result from electric operation of 
steam railroads would be from the reduction in the steam train 
service, and the data given in Mr. Cox’s paper tend to confirm 
this opinion, for by electric operation three crews are now haul- 
ing the same tonnage as four crews did with steam locomotives, 
a reduction of about 25 per cent in the train service. Ав the 
train crew expense on most roads is usually somewhat near 
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20 per cent of the total operating cost of the railroad, a reduc- 
tion of 25 per cent in this expense by electric operation would 
mean that the total expense of steam operation would be re- 
duced about 5 per cent on account of the reduction in train 
service alone. Additional saving would, of course, be made 
on account of the lower cost of locomotive repairs, less engine 
house expense, and other detailed costs which would result 
by clectric operation. 

I note that electric locomotives with four axles, having a 
combined weight of 80 tons, are used on the B. A. & P. В. В., 
and that two of these four-axle units are rated as one locomotive 
of 160 tons. I judge that units of this weight were selected 
in order to allow one pantagraph per unit for collecting current. 
However, it would appear to me better, in determining the weight 
of an electric locomotive, to work from the other спа. In other 
words, to determine the maximum weight which your track 
would support, and make the axle loads of the electric loco- 
motive correspond to this. For instance, the Union Pacific 
system allows a maximum weight on locomotive drivers of 
55,000 pounds, which would make а four-unit locomotive, 
similar to the B. A. & P. electric locomotives, weigh 110 tons 
on the drivers, a fairly large size locomotive. Тһе Pennsylvania, 
I believe, allows as high as 65,000 pounds on each driver, which 
would make the total weight of a four-driving-axle locomotive 
equal to 130 tons on the dnvers. This would be nearer my 
idea of a locomotive which would be best fitted for the freight 
service. This would also make the use of the tractor auxilary 
referred to unnecessary. 

In conclusion, I would sav that while I do not consider the 
results as absolutely conclusive, the paper is very valuable in 
that it bears out many claims made as to the advantages and 
lower economy which would result from electrically operating 
steam railroads. Further, the fact that the B. A. & P. R. R. 
is simply a short line would not be an especially favorable con- 
dition for expenditures in electric traction work, and the favor- 
able showing which is evidenced by the data given m Mr. 
Cox's paper would probably be very much better í applied to 
an engine district of about 150 miles in length, and under such 
conditions I believe that the earnings which would be made 
on the investment for electrification work would 1n many cases 
exceed the 20 per cent which Mr. Cox claims as the earnings on the 
investment from the electric traction work of the Butte, Ana- 
conda & Pacific Railroad. 

J. C. Ralston: The author designates the engineman, the 
man who drives the locomotive, as a locomotive engineer, and 
again he speaks of him specifically as an engineer, I think. 
Now, 90 per cent of engineers are responsible for an incorrect 
use of that word. I feel this: that 1f the four premicr enginecr- 
ing societies, namely, the electrical, civil, mechanical, and min- 
ing, would all take up this question and use the proper word, 
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we would not be confused as we are by reading in the papers 
of the hoisting engineers' society and the various societies in 
domestic lines. I hope that the engineers themselves will 
follow the correct terminology and then the public will later 
follow our lead. 

A. A. Miller: I ask Mr. Cox to give us a little more descrip- 
tion of those tractors; do they have cabs? 

W. K. Stacy: I wish to inquire regarding the life of the 
troley wire when using the roller collector. I have had ex- 
perience with the sliding collector and under certain conditions 
the wear on the trolley wire was excessive. This was partic- 
ularly apparent with rigid hangers at the ends of line circuit 
breakers. What style of trolley wire suspension is used on 
the B., A. & P? 

Paul Lebenbaum: After the line had been in operation for 
about five months, the trolley wire was carefully calipered to 
determine whether there had been any wear, especially at what 
might be called hard spots іп the line. No measurement taken 
showed a variation from the true diameter of the wire greater 
than the 2 per cent variation allowed the manufacturer under 
our specifications. 

J.B. Cox: Referring to the remarks relative to the steel 
rollers used for the collection of current on the pantographs, 
these collect 600 amperes at from 16 to 20 mi. per hr. quite 
satisfactorily. It would be rather difficult to compare the life 
of the rollers used on the Butte, Anaconda & Pacific locomotives 
with similar rollers on ordinary interurban cars where they are 
required to collect a much smaller current and at somewhat 
higher speeds. Тһе heavier currents required in the operation 
of the locomotives would undoubtedly account for the much 
shorter life in this case. The 10,000 to 12,000 miles being ob- 
tained from the rollers on the locomotives is equally as great as 
was expected of them when it was decided to install this type 
of collector. 

As compared with the slider type of collector, the roller is 
considerably heavier and somewhat more complicated, but on 
account of its longer life and less wear on the trolley wire in the 
heavier class of service it has been considered more desirable 
for the collection of heavy currents. It is generally admitted 
that the slider is more simple and if it can be perfected so as 
to collect an equal amount of current with even half the life in 
mileage obtained from the roller and with equal wear on the 
trolley it will usually be preferable and would no doubt prove 
more economical both as regards first cost and maintenance. 
Considerable progress is being made in the development of a 
sliding pantograph in the above respects and I am of the opinion 
that their use will become more general. I have recently seen 
up to 3000 amperes collected without sparking by a single 
pantograph with a double sliding collector. This was on the 
occasion of test running, which gave most promising indications 
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of practical success, but actual service under general operating 
conditions will be necessary to perfect these sliders in everv 
detail. Personally, I have no doubt but that either type of 
collector can be made to operate quite successfully under almost 
any practical conditions. 

As to the number of linemen employed in the maintenance of 
the distributing system, I have given the exact number regularly 
retained on the pay rolls of the company. The amount stated 
as being the cost of maintenance of the distributing system was 
based on the rate of the monthly charges for the six months for 
which the operating costs are given and cover all items charge- 
able to this account, which are principally for material, labor 
and work-train service. These costs аге at the rate of approxi- 
mately $125.00 per mile per year and are about what is expected 
to be average costs for at least the normal life of the wooden 
poles, which is expected to average in this locality from twelve 
to fifteen years. 

In reference to the wear on the trolley wire, this is so small 
to date that any statement as to actual measurements would 
be of small value since the allowable variation in the diameter 
of the new wire might easily make such figures misleading unless 
carcful measurements had been made and recorded before the 
electrical service was started. This wear will usually be notice- 
able first at hard spots in the line where there are pull-offs or 
rigid hangers. The construction of this line was designed with 
a special view to flexibility, so as to facilitate the operation of 
the roller collector as well as to reduce the wear on the trolley, 
and undoubtedly itis the most flexible construction of the kind 
in this country at the present time. 

Relative to the suggestion that the first six months of elec- 
trical operation is too short a time on which to base definite 
comparisons, I have not stated that such is to be done, but I 
have given actual figures from official records accompanied by 
an explanation of the principal conditions under which the 
results were obtained. 

The last six months’ full steam operation has been compared 
with the first six months’ full electrical operation and it just so 
happens that the changing-over period lasted six months, making 
the comparison for the same months of consecutive years. 
The systems of accounts were kept identical so that results would 
be directly comparable; the same men have taken care of the 
maintenance and done the operating in each case and very much 
in the regular way, making only such changes as were naturally 
suggested from the use of the new motive powcr, and the entire 
change has been made so gradually that I doubt very much 
if there has heretofore been such favorable opportuni for 
obtaining operating costs where so direct a comparison betwecn 
steam and electric locomotives could be madc. 

In the first place the conditions for segregating the costs have 
seldom been so favorable. and secondly, operating companies 
that would give out such full information have been exceptional. 
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Precisely the same conditions might not be met on another 
road, hence exactly similar results would not be expected. The 
extent of the usefulness of these figures in forecasting results 
of proposed electrifications depends upon our ability to properly 
adjust them to apply to апу other particular case. It has been 
suggested that the cost of repairs to the electric locomotive 
for the period considered is less than it will be in the future and 
that for this reason the comparison of these items might not 
be representative, it being unfair to compare the cost of repairs 
of new electric locomotives with that of steam locomotives which 
have been in service a number of vears. While this is not an 
unnatural inference, in practice I have not usually found it to 
be true and in this particular instance I feel confident that the 
cost of maintenance of the electric locomotives given in Table VI, 
which includes the charge for depreciation, will be less in the 
future than it has averaged for the six months in question. 
The reasons on which this expectation is based are, first; that 
of the total cost per locomotive mile amounting to 7.47 cents, 
2.46 cents is for depreciation, leaving 5.01 cents as the cost per 
mile for actual repairs as the term is generally applied. This 
is fairly high under ordinary conditions but not unreasonably 
so here under the special circumstances as it included the cost 
of considerable experimenting with pantograph rollers and 
minor improvements to the equipment in adapting them to 
the special conditions required bv the service; so that on the 
whole about as much work has been done on the locomotives 
during these six months as will be avcraged at any time in the 
future and the decrease in the rate of depreciation on the basis 
that it is being determined will more than take care of any prob- 
able increase in actual repairs. i 

Secondly; the old steam organization was retained as far as 
required for the maintenance of the electrical equipment. It 
would be unreasonable to expect that they will not improve in 
efficiency as they become morce familiar with the new equipments, 
and the shop facilities will be gradually improved also resulting 
in reducing the cost of repairs on the electric locomotives. 

Taking all these circumstances, with which I am familiar, 
into consideration, I shall be very much disappointed if the 
cost of maintenance of the electric locomotives per mile operated 
does not show a gradual decrease during the next few years. 
I have had considerable experience in connection with the initial 
operation of electric locomotives and their maintenance during 
the first two or three years in service, and this experience has 
led me to the conclusion that the cost of maintenance of an 
entirely new type of equipment in the hands of an old steam 
organ.. ation will usually be equally as high the first vear as 
the average cost for a number of years after. This is partic- 
ularly the case where dual equipment 15 operated and where 
the costs of minor developments and adaptations are taken care 
of and charged to the maintenance department. When utiliz- 
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ing the old organization under such conditions it is a mistake 
not to begin a regular system of general inspection and repairs 
at the very beginning so as to get the men as familar with the 
new apparatus as possible so that when these repairs аге ас- 
tually necessary they will not only have a definite idea of the 
work ahead of them but will also be provided with the necessary 
tools so that they can do the work with the same efficiency as 
in the case of the steam locomotives. On the whole I have 
found it more easy to break in old steam organizations to 
operate and take care of electric locomotives than to adapt 
electrical men to the work who had not had previous steam 
railway experience. 

It might be of interest to state here that at the end of a vear’s 
service a general shop inspection and overhaul of the electrical 
locomotive was begun with this object in view. The trucks 
wcre taken out from under the cab, the motors taken off, the 
armatures taken out and everv thing gone over as thoroughly 
as possible, including the turning of tires and rebabbitting of 
armature bearings. 

This was done corresponding to similar annual general over- 
haul of a steam locomotive. The electric locomotive was in 
the shop one week whereas four weeks were required оп an 
average for the stcam locomotives for a similar overhaul and 
the costs in each case were about proportional to the time the loco- 
motives were іп the shops; that is, the electric locomotive cost 
was about onc-quarter that of its stcam predecessor. Тһе 
tires on the drivers of the electric locomotive will average some- 
what more than double the mileage between turnings obtained 
from those under the steam locomotive. 

The many sharp curves on the entire system result in rapid 
wear of the flanges. 

While I have had little actual experience in connection with 
the maintenance of new steam locomotives, I have often had 
occasion to investigate the costs of repairs to steam locomotives. 
My impression 15 that on the first installation of a new type of 
steam locomotive on any road the adaptation and develop- 
ment charges during the first year are apt to make up for 
the smaller number of general repairs that are required 
during the first vear, much the same as in the case of the elec- 
tric locomotives. As an instance I will cite the case of a number 
of large Mallet engines, the cost of repairs for which was 20.46 
cents per mile for the first six months, whereas the average cost 
during the first four vears of their service was 23.34 cents. 
The cost for the second уеат was greatest while those for the 
third year were least. I do not believe this is exceptional. 
In the case of electric locomotives I have in mind a record іп 
which the cost of repairs the first vear was 6.7 cents per loco- 
motive mile and for the fifth vear 4.1 cent, the average for the 
five years being 4.85 cents; and another where the cost for the 
first six months was 5.45 cents per mile and the average cost 
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for the fourth year was 4.98 cents. Both these instances were 
steam road electrifications with new 600-volt equipment. As 
a matter of fact most of the records I have seen are of a similar 
nature, and it is these facts coupled with actual experience 
that are responsible for mv opinion on the subject. 

It would be опіу natural to expect that the cost of mainten- 
ance on steam locomotive, during the last six months thev werc 
expected to be used, before being replaced by electric locomotives, 
would be somewhat neglected and hence the costs per loco- 
motive mile would be less than the average. However, I in- 
vestigated the records over a considerable period of steam 
operation and found no very great variation on account of this 
but that the figures for the six months quoted were fairly 
representative. 

In this connection it mav be stated that the Butte, Anaconda 
& Pacific Railway has always kept its locomotives in an un- 
usually good state of repair and that the prices paid for all 
classes of labor are perhaps higher than is paid anvwhcre else 
in this country. The fact that the cost of labor is high is not 
altogether favorable to the electrification inasmuch as it greatlv 
increased the first cost, but insofar as the operation of trans- 
portation and maintenance of locomotive is concerned, it is 
more favorable since the number of employees are generally 
reduced to some extent and the overtime is apt to be consider- 
ably less. 

Referring to the suggestion that the electric locomotive units 
should have been larger, this subject was very carefully con- 
sidered before the design of the locomotive was begun and 
after an investigation of all the conditions and the gencral re- 
quirements of the work it was agreed that a unit approximating 
80 tons on the drivers would give best general results and that 
no advantage offered by a heavier unit for any part of the service 
would offset the disadvantages of a mixed type of equipment. 
Electric units weighing 100 tons are quite common, and the 
three-phase clectric units which have now been іп operation on 
the Great Northern Railway for five years weigh 115 tons each, 
all of which is on four axles, so that ordinarily there should be 
no difficulty in providing as heavy a unit as conditions might 
require. In the case of a mountain division оп а transcon- 
tinental line it is usually desirable to use as heavy units as the 
draft gear of the rolling stock will permit. In the case of the 
B., A. & P. Railway the conditions were not considered generally 
favorable for the use of larger units. Longer trains than could 
be handled by a double 80 ton unit locomotive would have re- 
quired the lengthening of yards, sidings and passing tracks. 
Heavier units in this case would also have increased the peak 
loads on the substations and lowered the load factor. The 
draft gear on the ore cars and many other local conditions had 
to be considered in this connection, the general result of which 
led to the adoption of the present unit. 
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Referring to the burning out of contactors, due to dust or 
irregularity in following the proper sequence of operation, there 
have been no instances of serious trouble with contactors, from 
any causes so far as I am aware. There have been instances 
of flashing over of insulators at the back of the contactors which 
was thought to have been due to the accumulation of dust 
from the ore, which contains some copper. There is, naturally, 
a great deal of such dust and the blowers located in the cabs 
of the locomotive cause more of it to be drawn over the appara- 
tus than would be done otherwise. We had really expected 
much more trouble from this source than actually occurred. 
These arc-overs did not result in any serious damage. It was 
only on inspection that it was found the insulators had arced 
over, as apparently the arcing had occurred when the contactors 
were opening the circuit so that the current was shut off before 
the arc did any thing more than burn off the dust, after which 
there was no further bother. 

In one or two instances where the main trolley contactors 
were involved, the main fuse was blown but as far as I am aware 
no contactors have been damaged so as to cause any delay or 
to require immediate attention. Іп this particular -control 
equipment the transition between series and parallel connec- 
tions, where troubles from improper sequence of coming in and 
out of contactors are most likely to occur, the contactors in- 
volved in the transfer are operated by means of a cam which 
insures a proper and uniform sequence and no troubles what- 
ever have been experienced from this source. 

During the first ten months of operation no contact tips had 
been changed on any of the contactors nor had any repairs to 
same been necessary. On the whole the contactors on the 
locomotives show less signs of arcing or burning than on an 
ordinary 600-volt locomotive in a similar service. 

The commutators of the main motors are in such splendid 
condition that during the visit of some German engineers to 
inspect the electrification about six months after the locomo- 
tives had been in operation, it was difficult to convince them 
that the commutators had not recently been turned. 

Relative to the term “engineers” as used when referring to 
the drivers of the сіссітіс locomotives, it is in accord with 
steam road practise, as has been the intention all through. 
Steam operators will be equally interested with the electrical 
man in the results and the terms used and comparisons made 
throughout are meant to be equally clear to both. 

Table VI is made up to conform to the usual steam railway 
locomotive performance sheets and practically the same form 
was retained for the electric locomotives in order that the com- 
parisons relative to the performance of each might be as direct 
as possible. 

The passenger locomotive miles and the passenger train milcs 
on the Butte, Anaconda & Pacific Railway are the same, as 
only a single unit 1s uscd to haul the passenger trains. 
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Referring to Table VI, it will be scen that the electric loco- 
motive miles made in passenger service for the six months con- 
sidered were 43,170, which is approximately 12.5 per cent of 
the total miles operated by all electric locomotives for the period. 

The tractor trucks which are to be supplied with the new 
locomotives on order for the spotting and switching service 
will be arranged for coupling onto a standard locomotive unit 
much as an extra motor car is added to a multiple unit train, 
except that the electrical connections between the unit and the 
truck will be such as to connect the niotors mounted on the 
latter in series with those on the former instead of in multiple 
as in the case of the extra car in a multiple unit train. 

In other words, it will form а three-truck locomotive with 
six motors, arranged for all six to be operated in series on the 
usual series points of the controller and with a series multiple 
connection consisting of two circuits of three motors each on 
the usual parallel points. 

This plan was considered preferable to adopting a special 
three-truck locomotive since when the extra truck is detached 
the unit is interchangeable with all others, ог апу of the exist- 
ing units can be arranged for operation with the extra truck 
by the provision for the necessary electrical connectors. 
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DISCUSSION ON “ APPLICATION OF ELECTRIC Motors то GOLD 
DREDGES " (ROSENBLATT), SPOKANE, WASH., SEPTEMBER 
11, 1914. (SEE PRocEEDINGS FOR AvGcvusT, 1914). 
(Subject to final revision for the Transactions.) 

Ford W. Harris: The problems so clearly defined by Mr. 
Rosenblatt are, in general, those that confront any engineer 
proposing to equip rough heavy duty machinery with motors. 
As electrical engincers we are in duty bound to give electric 
power the benefit of every doubt when the expediency of a given 
installation is considfred but that the application of motors 
to dredges, shovels, and the like, is a hard problem must be 
understood at the outsct. It is primarily a problem of apply- 
ing a constant speed, constant maximum torque motor, to be a 
variable speed, variable torque load. More particularly it is the 
application of a constant torque driving means to a variable 
torque load. We have the problem of a widclv variable load 
that must be economically handled regardless of the speed. 
The operator wishes to opcrate the major portion of the time 
at constant speed with a fairly uniform load. At times thisload 
is enormously increased and at times he desires to greatly reduce 
the speed for repairs, etc. In general as far as satisfactory op- 
eration is concerned the enormous pulls occasionally needed 
may be and preferably should be exerted at a low speed so that 
the actual power requirements may be fairly constant. 

Obviously what is necded is means for connecting the load 
and the motor 15 variable speed ratio, the problem being very 
similar to that solved by the change gears of an automobile. 
Obviously also no such mechanical mcans has been devised which 
wil handle the very variable shocks and strains incident to 
transmitting 500 h.p. to such a load. 

The method by which Mr. Rosenblatt has solved the dredging 
problem is open to certain very obvious objections. Speed 
control by liquid rheostats involves at the outset large energy 
losses, the rheostat being primarily designed for such large losses. 
Motors having the mechanical and electrical characteristics 
outhned are expensive and heavy. It should be remembered 
that when а wound rotor motor has its speed reduced by the in- 
sertion of external resistance there is no increase of torque but 
merely a decrease of speed. Тһе power output of the motor 
is reduced with the speed. This 1s only a partial solution of the 
problem. 

I have personally figured many installations of large and 
small motors to hoists, shovels, and the like, and I believe that 
a serious mistake is made in applying a-c. motors to work of 
this kind. Particularly I think that the application of the 
a-c. motors of any kind to digging service on a dredge is poor 
engineering. Неге you need a moderate torque at a high speed 
агі a much larger torque at a correspondingly reduced speed. 
The larger companies have made many installations of a-c. 
motors for such service and made them stick, but it is sig- 
nificant that most large minc hoists are operated by d-c. motors, 
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through the Illgner system, and that our street cars still run 
largely with d-c. motors іп spite of persistent cfforts to enlarge 
the number of single-phase installations. It is further to be 
noted that the single-phase railway motor has series motor 
characteristics, and that few installations of induction-motor- 
driven railways have ever been seriously attempted in this 
country. If it 15 not feasible to operate a railway car, which 
is an approximately constant load at variable speed, with in- 
duction motors how much more hopeless it is to operate a gold 
digger which requires large torques at times when the speed may 
be reduced to keep the power input fairly constant. 

To my mind there is no good way to drive such a load from a 
constant-torque motor. The load is one that requires series 
motor characteristics. If there were available single-phase 
series motors which could be bought at a reasonable price and 
maintained at a reasonable cost they might be used in this con- 
nection. Barring such motors the proper system would be 
the application of a double or quadruple equipment of series 
d-c. motors in combination with a d-c. generator—a-c. motor 
set. 

With such a multiple motor drive and proper series parallel 
control it would be possible to operate on a variable torque 
basis and get fine results, the motors running four in mutiple 
under normal conditions and being thrown in series for heavy 
pull-outs at low speeds. The power economy would be high and 
with proper cutouts on each motor the reliability factor would 
be increased, as three motors could be used to operate in an 
emergency. While the first cost of the motor equipment would 
be high, the greater flexibility and reliability of the equipment 
would result in greater output at the dredge which would soon 
wipe out the additional investment. 

M. H. Gerry, Jr.: I am glad to say a word on this paper 
because there is much of interest in connection with such a 
machine as^ gold dredge. This paper is a further demonstration 
of the great flexibility of electrical power and the widc diversity 
ofits application. I disagree with the statement made by some 
one in the discussion, that there is anv difficult principle in- 
volved in this application of electrical power. Тһе problem is 
to ascertain in advance, the actual conditions of operation, and 
in this respect it does not differ from electrical traction or the 
thousand and one other applications by electrical power. Once 
these conditions are fully understood, the difficulties very largely 
disappear and are then only those quite commonly met with 
in solving mechanical and electrical engineering problems. 
However, it requires much study and time to analyze a problem 
of this kind, and it is here that the skill of the engineer is required. 

It has been my good fortune to have some connection, in an 
engineering way, with the dredges which form the subject of 
Mr. Rosenblatt's paper. I was familiar with the situation 
from the first, when the dredges, then in opcration, were driven 
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by steam engines. These older dredges have all been rebuilt 
and are now operated by electrical power, but the dredge which 
forms the special subject of Mr. Rosenblatt's paper, is a later 
installation and was designed originally for electrical operation. 
The problem at first presented was that of the general advisa- 
bility of applying elecrical power to the operation of dredges 
in this situation, and it was a question on which engincers 
differed. The ground was hard, there were many large boulders 
. and the bedrock was at great depth. Тһе steam dredges were 
experiencing much difficulty, and the power was insufficient for 
the work and there were constant breakdowns and delavs. A 
very able engineer who was called into consultation, was of the 
opinion that the conditions were altogether too difficult to per- 
mit of operation by electrical motors. Тһе ever-varying pull 
on the digging chain, the frequent obstructions met with in 
the way of boulders and other causes, tended to produce enor- 
mous strains and varying torque on the driving motor, and render 
questionable the successful operation by clectrical power. "Those 
who have seen a dredge of this kind operating in hard ground 
will appreciate how difficult the problem appeared at that time. 
One engineer observing the operations, used this expression, 
“see it toil, see it toil;" the inference being that the “ toil ” 
was altogether too strenuous to be undertaken bv an electrical 
drive. That, however, is now all historv, and we know that for 
any dredging service, no matter how difficult, electrical motors 
properly designed are altogether suitable. The dredge is а 
comparatively simple machine; as here applied it is a combina- 
tion of elevator and excavator. At times there is very little 
actual digging, as the earth is loose and falls into the buckets. 
Under these conditions it is mercly a question of elevating this 
earth to the surface. As the excavation reaches bedrock the 
conditions change; the material is hard and tough and must 
be torn apart with the expenditure of a considerable amount of 
energy. From my knowledge of conditions at ‘Ruby and 
elsewhere, I would say that the dredge opcrations for the ma- 
chine described by Mr. Rosenblatt, are the most difficult in this 
country. This hard digging, the great size of the dredge and 
' the depth from which the material was excavated, were the con- 
ditions surrounding the problem for this particular dredge. 
The bucket chain is a massive affair and it moves at a slow 
rate of speed. The pull on the bucket chain is constantly vary- 
ing, due to the ever changing conditions of digging, and also 
to the further fact that the chain 1s driven from the top by a 
five sided tumbler, resulting in a constantly varying driving 
radius. The motor torque is, therefore, ever changing and may 
уату widely during short intervals of time. 

One ofthe important conditions of dredge operations is to 
maintain maximum speed of the digging chain the the upper 
part of the excavation and to be in readiness to develop maximum 
pull on the chain, at somewhat lower speed, as soon as bedrock 
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is reached and the difficult ground encountered. It follows, 
therefore, that a considerable measure of speed control is ab- 
solutely necessary for successful operation in this situation. 
Many methods of obtaining this speed control have been sug- 
gested and applied, but the one described by Mr. Rosenblatt 
has proven eminently successful for conditions met in actual 
service. Some engineers have suggested a change to a direct- 
current drive, but I have never been able to obtain any better 
efficiency or improved performance for direct current, where 
the available source of power was alternating current, and the 
necessity existed, therefore, of using conversion apparatus. 
At the present time there is nothing better or more available 
for this service than an alternating-current motor having a wound 
secondary with a control rheostat capable of continuous opera- 
tion. 

Mr. Rosenblatt has well said that for the best results it is nec- 
essary to keep these dredges in as continuous operation as pos- 
sible. When the records show that month in and month out 
the dredges have been in service 80 per cent of the total time, 
it is certainly a creditable performance. Such results as this 
that prove that electrical power, when applied to dredge opera- 
tions, is a great success, and that the apparatus as described by 
Mr. Rosenblatt has materiallv contributed to this result. 

Some discussion has arisen in reference to the relative merits 
of a belt drive as compared with a direct gear drive for the main 
bucket chain of a dredge. This is a question more of expediency 
and economy than of performance. It is not well to make the 
drive too rigid, and some means of providing for a little slip 
in case the buckets come up against a rigid obstruction, 1s very 
desirable. With a small or moderate size dredge, this result 
can be obtained in a rather inexpensive way by using a belt 
drive from the motor and permitting the belt to slip 1f occasion 
should arise. On very large dredges, however, belts are too 
bulky and are verv objectionable for mechanical reasons, and 
it is better to provide a gear drive with a form of mechanical 
slipping friction introduced at some point between the motor and 
the bucket chain. This slipping friction should be designed, 
not as an ordinary friction clutch, but as an actual slipping fric- 
tion. | 

To return to the matter of control for the main digging motor 
and referring especially to the liquid rheostat described Бу Mr. 
Rosenblatt, I would like to add that this has proven to be a 
most satisfactory piece of apparatus. For hours at a time 
the motor 15 operated at reduced speed and the heat developed 
in the rheostat is taken care of very nicelv bv the cooling coils. 
The regulation is excellent and the man operating the dredge 
has fine control over the buckét chain. For motors onsmall 
dredges, almost any kind of rheostat will work well, but for such 
an immense dredge as the one here described, I know of no 
better arrangement than the liquid rheostat. Тһе arrangement 
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whereby the cooling coils are placed on outside of the boat in the 
dredge pond, is worthy of special attention. This device has 
obviated all the trouble with the circulation of muddy water 
through cooling coils immersed in the rheostat tank, and is one 
of the reasons for the success of this installation. 

In conclusion I would like to emphasize the thought which I 
first mentioned; that it is not at all difficult to applv clectrical 
power or electrical methods to the operation of апу machinery 
if the conditions be carefully analvzed in advance, and the 
proper use be made of methods and machinery now well under- 
stood. | 

Е.А. Ross: Т am conscious that а mining engineer can take 
but small part in this discussion of Mr. Rosenblatt's paper. 
The word '" mining ” can scarcely be applied to gold-dredging 
since. as. Mr. Gerrv has said, dredging is but the elevation of 
gold-bearing gravels and a transfer of the same to another point; 
therefore, the design and operation of dredges comes within 
the province of the mechanical, electrical and, often, the hy- 
draulic engineer rather than in that of the mining and metal- 
lurgical engineer. The latter is called into the question only at 
the beginning and at the end. Because of his training in esti- 
mating the value of mineral-bearing ground he docs the drilling 
or sinks the test-pits and then he estimates the profits possible, 
or probable, from a handling of the greatest tonnage practicable. 

At this point he must turn for help to the mechanical engi- 
neering departments of the dredge-builders, where the data he 
submits govern the design of the dredge; and the mechanical 
engineer, himself, must apply to the electrical engineer for 
motor designs and for advice as to the general application of 
electricity to the needs of the case in hand. But the mining 
engineer must make no mistake as to the average character of 
the gravel to be worked nor may he fail to note the heaviest 
duty that the dredge must perform. Moreover, as a metal- 
lurgist he must specify the type of gold-saving apparatus to 
be used but, once the machine is built and at work, he may 
safely step aside and leave its operation to the skilled dredge- 
crew and takes orders henceforth from the mechanical and 
electrical engineers. Electricity has so far superseded steam as 
a motive power in dredging that there are few steam dredges 
employed today in working gold-bearing gravels. 

As Mr. Gerry said, the latest gold-dredges are mechanical 
monsters, performing feats of strength and endurance that 
are almost unbelievable by those that sce them for the first 
time; and they call for a refinement of theory and practise both 
in mechanical and in electrical design. The close-connected 
buckets must tear away at consolidated beds of boulder-gravel 
without pausing and must work out of sight, under water, 
at depths of 70 feet or more. Gravels differ greatly in character, 
some being composed of small, nearly uniform, boulders, while 
others contain boulders of all sizes, even up toa size that renders 
dredging impossible. 
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The greatest difficulty, then, lies not so much in the building 
of a machine strong enough to stand up to the duty imposed 
upon it as in an accurate determination of the total work to be 
done and the character of that work. Mr. Rosenblatt mentions 
a maximum capacity of about 250,000 cu. vd. per month for 
the largest gold dredges, but there 16 one up in Idaho Basin which, 
according to the statement of its general manager, made a record 
of 340,000 cu. yd. in one exceptionally good month. In this 
case, the gravel is small and uniform and the beds shallow. 

L. K. Armstrong: After what Mr. Ross has said I don’t think 
it will be necessary for me to say anything or to apologize for 
the little the mining engineer knows about gold dredges. 

I have in mind the early days when the electrical engineer was 
seeking a markct for his current. Some of them conccived that 
they might apply it to the gold dredge business, and after a 
considerable time and many attempts they seem finally to have 
acquainted themselves so thoroughly with the business that the 
business has been practically turned over to them. 

I was trying to think, while one of the speakers was talking, 
about a meeting of the American Institute of Mining Engineers, 
when this particular subject was brought up and there was a 
lot of discussion on the question of whether or not electricity 
could ever be applied successfully to the operation of a gold 
dredge; the discussion was all in favor of the negative. Today 
from the information we have here, I find that gold dredging 
would be practically unsuccessful, and I am very certain that 
is 50 in many cases, but for the application and practical de- 
velopments on the part of electric engineers and the application 
of electrical power. 

W. M. Shepard: In regard to the case of squirrel-cage vs. 
slip-ring motors for screen and stacker drive. All of the earlier 
California dredges were equipped with squirrel-cage motors and 
it is only on the larger dredges budt in the last few years that 
slip-ring motors have been used. 

On large dredges the screen represents quite a heavy starting 
load, especially if it is started when full of wet clay and rocks 
which very often happens. Тһе screen is operated continuously 
when the dredge is in operation so that the characteristics 
desired are good efficiency and high starting torque. 

On large dredges for deep digging, the stacker is very long 
and elevates the material to a considerable height; this is neces- 
.sary to get the large amount of material handled out of the way. 
On the Yuba Consolidated Goldfields Dredge No. 14, which 
digs to a depth of 70 ft. below the water line, the stacker is 
137 ft. long. Starting a stacker of this kind, especially if it 
happens to be loaded as is frequently the case, requires a high 
starting torque and it sometimes takes several minutes to bring 
it up to speed. 

If a stacker of this kind was operated by a squirrel cage motor 
of ordinary design it would require a larger motor than if the 
slip-ring type was used on account of the lower starting torque. 
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А squirrel-cage motor with high-resistance rotor could be 
used which would give the required starting torque, but at the 
sacrifice of efficiency, and as these motors are large size, those 
on some of the larger dredges being 75 h.p., and operate at all 
times that the dredge is running, this loss in power even at a 
low rate would become quite an item. With some dredges 
where a considerable number of small boulders are handled 
over the stacker, the speed has to be reduced at times when a 
number of these are being handled, as, if the speed is too high, 
the boulders will not stick to the stacker belt and be carried 
over the top, but will roll down and cause considerable trouble. 
А slip-ring motor with proper resistance would take care of a 
case of this kind when a squirrel-cage motor would prove un- 
satisfactory. 

The difference in maintenance cost between the slip-ring and 
the squirrel-cage motors used on these drives is shown on 
actual operation to be negligible; for the slip-ring motors oc- 
casional extra brushes are required and for the squirrel cage 
extra contacts for the starters. 

The drum-type controllers used with these motors give prac- 
tically no trouble as the service required of them is compara- 
tively light. 

Regarding Mr. Rosenblatt's recommendations covering speci- 
fications for the digging motor: it seems to me that the introduc- 
tion of the special features which he recommends are confusing 
and not to the advantage of the purchaser. For instance, а 
motor designed to meet the standard heating guarantees adopted 
by all American motor manufacturers from the A. I. E. E. Rules 
would, in all probability, meet the specifications submitted by 
Mr. Rosenblatt and the use of standard specifications would 
be of advantage to both the purchaser and manufacturer. Fur- 
thermore, it is not usually necessarv for the digging motor to 
run for considerable periods at reduced speeds. The rate of 
digging can be controlled either by changing the speed of the 
bucket line (varying the speed of the digging motor) or by 
varying the rate of feed, which is controlled by the swing winch. 

The dredge has side lines on either side connected to dead- 
men on the bank. The swing winch in connection with these 
lines swings the dredge back and forth across the face of the cut 
while the bucket line is in operation. The rate at which the 
dredge is swinging governs the feed of the buckets and so the 
amount of material moved and the load on the digging motor. | 

It is much more efficient to allow the digging motor to operate 
at full speed with all resistance cut out of the secondary and 
control the load by means of the swing winch motor (which 1s 
from 10 per cent to 15 per cent of the capacity of the digging 
motor) than to operate the digging motor at reduced speed with 
consequent losses in the secondary resistance. 

In regard to special bearings in the digging motor to resist 
upward thrusts, the large majority of gold dredges have the 
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digging motors belted, which requires no special features in the 
bearings. The larger motors are usually provided with three 
bearings. 

Regarding those motors which are geared: the bearing thrust 
when digging should be downward; the only times when the 
bearing thrust should be upward would be when the bucket line 
was being backed up which would be only a very small fraction 
of the time it was going ahead and when it was being backed up 
the load would be Hght as there would be no digging. ` 

The point which I wish to bring out is that standard equip- 
ment, 1f properly applied is well adapted to meet all conditions 
of dredge service. І had had to do with the electrical equipment of 
something over thirty gold dredges of bucket capacities ranging 
from 3 to 18.2 cu. ft. and digging depths of from 15 to 70 feet. 
These dredges operate in every character of ground and all use 
standard equipment. Among them are some of the most suc- 
cessful dredges:vet constructed. The problem in electric drive 
is in proper application and not special equipment. 

Regarding the control of the digging motor, I believe that 
proper drum-type controllers are all that is required for motors 
up to 200 h.p. capacity. There are quite a number of digging 
motors of this size operating with drum controllers and they 
have proved entirely satisfactory. A number of them have 
been in operation over a period of years. Тһе control is ade- 
quate and simple and the maintenance cost very low. 

Drum-tvpe control has been emploved on digging motors as 
large as 300 h.p., but in the writer's opinion better service could 
be obtained with other types of control for motors above 200 
h.p. 

For larger motors magnetic control or properly designed 
liquid rheostats can be used. There are a number of magnetic 
control equipments in successful operation on digging motors of 
300 h.p. and 400 h.p. capacity, some of which have been іп 
operation for two or three years. Тһеу have all proved satis- 
factory in operation and their maintenance cost has been low. 

While experience with liquid rheostats on board dredges 15 
as yet very limited, and there are some difficulties to be overcome 
there is no reason why, with proper design, thcir operation should 
not be successful. | 

I cannot agree with Mr. Rosenblatt regarding the excessive 
amount of resistance required with magnetic control nor with 
his statement regarding the fire risk incident to the use of resis- 
tors. The digging motors are provided with standard heavy 
duty resistors good for continuous operations at a speed reduction 
of fifty per cent, and these have proved entirely adequate; and 
in no case that I have ever heard of has there been any question 
of fire risk from these grids and there need not be, if thev are 
so located that the air can circulate freely about them. 

There have been a number of fires on dredges caused bv elec- 
trical troubles; these, however, have nearly all been due to 
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faulty installations of oil switches. As a result of these fires 
the Board of Fire Underwriters of the Pacific made a thorough 
investigation and issued a sct of rules on “ Standard Electrical 
and Fire Protection for Dredges." This set of rules is very 
thorough and 1n them no question 15 raised regarding the grids 
nor are special precautions required in their installation. 

Mr. Rosenblatt mentions the use of intermittent rated motors 
for ladder hoist winch, and for raising the spuds or controlling 
the head lines, if these are used instead of-spuds; if separate 
motors are used for these purposes the intermittent rated motor 
would be all that is necessary. Asa rule, however, separate motors 
are not provided for this service. Тһе ladder hoist winch 15 
usually operated from the digging motor and this arrangement 
provides so much power that the ladder is raised much more 
quickly. The control of the spuds or head-lines 1s usually taken 
care of by the swing winch motor. 

These operations are controlled by levers in the winch room. 
The swing winch is in operation all the time and an intermittent 
rated motor is not suitable for this purpose. 

The power required from the digging motor depends on the 
size of buckets, speed of buckets, depth of digging and character 
of ground dug. Тһе size of buckets varies from 22 to 18.2 cu. 
ft. Тһе speed from 18 to 22 buckets per minute. Тһе depth 
from 10 to 70 feet below the water-line, and the character of 
ground from loose gravel and sand to hard cemented gravel. 
Тһе size and weight of a dredge does not depend simply on the 
size of the buckets, but is also governed by the depth of digging 
and character of ground. 

The largest and hcaviest gold dredge yet constructed 15, I 
I believe, one of the all-steel California dredges which has 16 
cu. ft. buckets and digs to a depth of 70 ft. below the water 
line. This dredge has handled 325,000 cu. yd. in a running 
month of 30 days. I believe the highest record for material 
moved is at present held by the Boston and Idaho dredge, 
which has buckets of 18.2 cu. ft. capacity and has a record of 
over 400,000 cu. yds. in one month. 

In point of size and power this dredge 15 not the equal of the 
large California dredge just mentioned, but has shallower 
ground and easier digging. 

A. A. Miller: I do not have anything in particular to add to 
the technical part of this discussion, but I know that a great deal 
of the work of this character, the use of electric power in gold 
dredging, is being carried on in the northern possession of our 
Canadian neighbors across the line, in the vicinity of Dawson, 
Yukon Territory particularly; they have some of the largest 
gold dredges, in the world, I believe, which are being used, par- 
ticularly by Mr. Boyle of the Boyle Concessions; they have built 
water power plants and transmission svstems of their own for 
the purpose of furnishing these dredges with electric powcr. 
Unfortunately the site of operation is so far removed from us 
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that we cannot get to them very frequently to know what they 
are doing, and the information apparently does not reach us. 
It would be interesting if we could get more detailed information 
from those particular dredges. | 

I believe there will be also in the course of the next year 
or so considerable activity in the vicinity of Nome in this 
same sort of work. I was told by a mining engineer who is fam- 
iar with conditions there that in the next two or three years 
there will be something like $5,000,000 taken out from a clearly 
defined area by dredging operations. 

C. B. Rosenblatt: I am going to make this discussion as 
brief as possible, but there are a few things that I can't let go by. 
One of the gentlemen registered some objection to the use of 
alternating current. We all know that a direct current motor 
would be an ideal drive. Nobody denies that; but the gentleman 
does not look at this matter from the dredging point of view, 
he looks at it purely from the electrical engineer's standpoint, 
and that is one thing I particularly ask you gentlemen not to 
do when it comes to dredging. Direct current for dredges has 
been figured over and over again. I believe Mr. Gerry here went 
into that as carefully as any man possibly could when the 
Conrey Placer Mining Company decided to electrify. Engineers 
in California went into it carefully too. It can't be figured out 
any way to show a monetary profit under conditions of power 
supply that obtain today—and remember the dredge is in busi- 
ness to make money. 

Mr. Shepard has a very good communication from San Fran- 
cisco. There is only one thing about it that demands comment 
and that is that it represents California practise as advocated by 
wo manufacturing companies. Mr. Shepard's remarks apply 
particularly to the type of dredge built by those two companies, 
which use certain motor drives that are arranged primarily for 
the use of standard motors, even for the digging motors. There 
is considerable question as to whether the drives used by these 
manufacturers are the best for a big dredge, but that is not 
a problem for the electrical engineer to discuss. Mr. Shepard 
mentions particularly the use of a wound-rotor motor drive for 
. Stacker as compared with the squirrel cage motor. "That is a 
matter on which I said I expected some criticism from California 
because they have generally come to use the wound-rotor motor 
for that work. But remember the California climate is particu- 
larly favorable. It is all right to take a slip-ring motor and 
stick it up on the end of the stacker if you have a favorable cli- 
mate and never get down below forty degrees above zero, but 
the conditions in Montana, Oregon, Wyoming and Alaska are 
different from that. Another thing Mr. Shepard does not take 
into account is the fact that the dredges with which he is con- 
cerned, have comparatively easy digging; while the Californians 
may not agree, I believe it is easier to dig the California gravel 
than it is the Northern clays, and Mr. Gerry brought that out 
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when he said that his own opinions and observations in this 
matter had been backed up by the observations of practical 
dredge men. 

There are good points about cach kind of drive. Each may 
be particularly fitted for a particular installation. There is no 
panacea for this dredge work. I have tried to point out the con- 
siderations that apply most generally. We have to analyze each 
case bv itself and find the underlying conditions that make the 
selection of particular apparatus most desirable, and while un- 
questionablv, for Mr. Shepard's own conditions, he has selected 
very excellent electric drives for those dredges in California, 
yet they will not necessarily work with best success everywhere 
in the world. 
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DISCUSSION ON “ ECONOMY IN THE OPERATION OF 55,000-VorT 
INSULATORS”’ (CRAWFORD), SPOKANE, WASH., SEPTEMBER 11, 
1014. (SEE PROCEEDINGS FOR AuGustT, 1014.) 

(Subject to final revision for the Transactions.) 

J. Harisberger: What brought about the devclopment of 
testing insulators as mentioned in the paper, was a severe storm 
in the Puget Sound district last winter, causing a number of 
breaks in our transmission line where it goes through heavily 
timbered country, these breaks causing arcing grounds and break- 
ing down insulators all over the system. We had been very 
proud of our record of uninterrupted service, and this trouble 
set me to thinking about aging of porcelain that has been so 
much discussed recently. I have been unwilling to admit to 
myself that there is such a thing as the aging of porcelain, and 
I do not believe it now. Last spring I made a trip down the 
Coast to visit operating companies that have been operating 
lines of 50,000 volts or over for some time, to get what informa- 
tion I could as to their experience. I visited eight companies 
and found but one man who was positive that porcelain de- 
teriorated and gradually lost its dielectric strength. I found 
that the experiences of most of the companies visited were 
quite similar to our own. The porcelain of some of the insulators 
in service five to six years, on close examination, showed a mott- 
led surface similar to that of Dedham china ware. On break- 
ing the insulator, discoloration of the cracks to a depth of one- 
quarter of an inch was occasionally found. There is no doubt 
that this condition cuts down the insulating quality of the 
porcelain and these insulators should be weeded out before they 
are broken down by some disturbance on the system. During 
my absence, Mr. Crawford developed the method as outlined 
in this paper for locating such insulators. I believe that every- 
one having had expericnce in the operating of high-voltage 
transmission lines will agree with me that high-frequency dis- 
turbances such as are caused by arcing grounds, etc., are most 
to be dreaded. While in California, I spent half a day with 
Professor Ryan, of Stanford University, who showed me a 
practical demonstration as to what high-frequency currents 
will do. Ап insulator that would show practically no distress 
at 150,000 volts at 60 cycles, would be punctured in a few ѕес-: 
onds when subjected to over 100,000 cycles and not over 25,000 
volts. 

It is quite noticeable on our system that the majority of 
failures are insulators cemented to iron pins. Over seven years 
ago I objected to cementing insulators to pins and designed a 
pin with a flexible top for screwing on 60,000-volt insulators. 
I was much criticised and was told that I would get into trouble 
on account of the metal expanding and breaking the insulator. 
We have some 20,000 insulators in service of this tvpe of con- 
struction, and I have yct to hear of a failure on account of this 
type of pin. | 
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М. Н. Gerry, Jr.: The design of high-tension line insulators 
is now pretty well understood, but, of course, it is still a question 
of effective material and proper distribution. The most im- 
portant of all is the distribution of electrical stress. This 
has been discussed many times in the Institute PROCEEDINGS. 

V.H. Greisser: The principal thing in this paper of interest 
to me is the fact that the telephones сап be used for delicate 
practical tests, and we are very fortunate indeed to be able to 
secure some such instrument that 1s sensitive enough to test 
insulators. Practically the only instrument of any use on high 
tension work previous to this, has been the oscillograph, and 
that has not been sensitive enough to be very useful in testing 
porcelain insulators. 

A. A. Miller: I take it for granted that Mr. Greisser’s last 
remark that the oscillograph does not afford the proper means 
of testing insulators referred to the work which Dr. Ryan has 
been performing in California, where he has used} very high 
frequencies, away beyond the natural periodicity of the oscillo- 
graph, and found that it was very easy to puncture porcelain 
insulators by using such frequencies. He has a laboratory in 
which he very effectively demonstrates the ease with which 
porcelain is punctured by means of these very high frequencies, 
boring holes right through an insulator. Professor Rvan’s 
investigations I think will throw a great deal of light on that. 

H. R. Noack: ‘There has been a great deal of discussion upon 
the subject of aging of porcelain. I think there 15 some mis- 
conception of the meaning of the term ‘‘aging.” As I under- 
stand it, aging applies particularly to a molecular change in 
the porcelain itself. Porcelain 1s a very inert matter and, so 
far as any studies which I have been able to make on the subject 
are concerned, there has never been noticed any molecular 
change within the porcelain itsclf. Тһе effects commonly con- 
sidered as aging, I am satisfied, have nothing to do with mole- 
cular changes, but are generally due to external influences. 
For example: porcelain insulators as used today are generally 
in combination with other materials, such as cement and steel 
or iron, and some of the changes noted under operating condi- 
tions undoubtedly are due more to the influences of a combina- 
tion of these different materials with different characteristics 
than to any inherent change in the porcelain itself. Again, 
there is no known standard, to my knowlcdge, as to what con- 
stitutes perfect or ideal porcelain; different manufacturers have 
different standards in mixing, firing and in manufacturing, 
generally, so that there is no one standard which has vet been 
established as to what constitutes ideal porcelain. Many of 
the troubles which have been noticed may, 1n my opinion, be 
ascribed to improper firing of the porcelain, assuming, of course, 
that in the first instance the mixture was suitable to make per- 
fect porcelain if handled properly in the subsequent manufac- 
turing operations. It seems to me that, eventually, engineers 
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will have to determine upon some standard for measuring per- 
fect porcelain. An underfired piece of porcelain is, to a certain 
degree, porous. The porcelain is almost invariably covered 
by a glaze, which is a glassy structure and protects the body 
of the porcelain from external influences; such as, moisture and 
gases, but under operating conditions the glaze may be event- 
ually injured, and even though it is not injured, there are some 
portions of the porcelain which are not covered by the glaze, 
due to manufacturing necessities, so that gradually there may 
be absorption of moisture, which, when subjected to heating 
influences due to electric currents, may cause expansion to such 
a degree as to gradually develop minute cracks, and these, 
though microscopic at first, will eventually grow in intensity, 
and finally allow the porcelain to puncture. On the other hand, 
the porcelain is sometimes over-fired, in which case it takes on 
a glassy structure and is not capable of resisting the influences 
of alternate expansion and contraction to the same degree as 
perfect porcelain. 

The question of *aging" is one of great importance and, as 
I said іп the beginning of mv remarks, I do not believe that it 
has been demonstrated that any such phenomenon exists, but 
that the difficulties arising from so-called * aging" are due to 
external influences. 

T. R. Cornick: I was with the Mexican Light & Power 
Company when its line was first put into operation. We had 
approximately 500 miles of 60,000-volt circuit and later 40 or 
50 miles of 20,000-volt circuit. I was there for approximately 
five years after these lines went into operation and I do not think 
that I ever discovered any “астр.” We did have а lot of 
trouble due to electrical disturbances and I should say approxi- 
mately twenty punctures. Those punctures took place, how- 
ever, when these electrical disturbances were on; therefore we 
did not call them the ‘‘aging”’ of the insulator. That line after 
being in operation at 60,000 volts for several years was increased 
to 80,000. The insulators of course were changed. To start 
with we used the Rio type, 14 1/2 in., which was changed to, I 
think, 18 in. when they went to 80,000 volts. Since they went 
to 80,000 volts they have had no appreciable increase of trouble. 
Our troubles all took place before we put on the ground-wire. 
After we put on the ground-wire our troubles decreased, from, 
you might say, every day of the rainy season (during six months 
of the year) to approximately three cases of trouble during the 
rainy season. We, therefore, took it that the trouble was 
purely and simply the lightning and not trouble with the in- 
sulators. "Therefore, I think Mr. Noack is right in his discussion 
in that it isn’t a case of “aging” of the insulators but is doubt- 
less a case of poor mixing, or poor manufacture. 

P. M. Lincoln: I ask Mr. Cornick if the ground wire was 
overhead? 

T. R. Cornick: Yes, overhead ground wire. 


Бы 
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L. T. Merwin: I can’t offer anything from experience here 
in Washington, because the line of the companv with which 
I am connected has been іп operation only 17 months. I 
might say, however, the insulators that are now being put on 
the market are certainly remarkable for the factor of safety 
that is offered. I speak now from the experience of an instance 
on our line shortly after it was put into operation. It was оп 
june 17th of last vear, when we had a turbine runaway in our 
plant. After we had patched things up, and got the line in 
operating condition again, or rather got the plant 1n operating 
condition again, we tried to repeat the runaway under hand 
control, and one of the results that we obtained bv interpolation 
and extension of the graphic lines on our charts showed that we 
must have had during that runaway, an impressed voltage on 
the line of something between 150,000 and 200,000 volts. The 
line is of wooden-pole construction with steel-core aluminum 
conductors and pin type insulators, with four strain units in a 
dead end. Тһе pin type insulators had cemented lead thimbles 
in the top of the insulators; the lead thimbles receiving a 34-in. 
steel ріп. Now, since that runaway and the impressing of that 
extremely high voltage on our linc we have not had a single 
breakdown, neither did we have a single break-down up to 
that time. Тһе line was put in operation on the 25th of April, 
1913, and on June 17th the runaway occurred with this high 
impressed voltage. It is now approximately fifteen. months, 
and we vet have to experience our first insulator failure. 

I might also add that on another occasion our insulators 
withstood a severe arcing ground for 12 hours before the faulty 
section could be cut out by open air switching. This occurred 
quite recently with no bad results. 

Incidentally our lines are delta-star connected with ungrounded 
neutral, and I was able to carry load through this verv severe 
arc. Now it is, I should sav, a remarkable thing that insu- 
lators have such a large factor of safety as to stand а 
voltage of two to three times the working voltage. The farmers 
along our line described the spectacle as being awe-inspiring. 
Of course any high arc is awe-inspiring to the layman; but 
from reports our line must have been lit up with corona from 
one end to the other and apparently looked like a solid streak 
of fire from the White Salmon river clear through to Camas. So 
if there is any aging in insulators it certainly has not appeared 
yet in the seventeen months of operation, and there certainly 
were no immediate bad results. 

L. J. Corbett: There is one point that I would bring up 
here which has not been touched upon as yet, and that is the 
matter of glass insulators and their possibilities. We have 
heard thus far only regarding the changes in the porcelain in- 
sulators. Тһе porcelain manufacturers have been busy for some 
time and have been doing verv effective work, and they appear 
to have a very rehable product at the present time. It seems 
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to me that glass with its superior insulating qualities should be 
worked upon a little more by the glass manufacturers and it 
may be possible that a more effective insulator, an insulator 
more constant in its qualities, could be developed. The objec- 
tion I believe is the uncertainty of glass in its mechanical 
strength. The difficulty about the porcelain is the uncertainty 
in its electrical strength, and I would like to see in the future 
more development in that line if there are actual possibilities. 

Ralph W. Pope: I have been thinking of glass during this 
discussion. Mr. Field, who was one of the early electrical 
engineers in California, stated that the possibilities of glass for 
long distance transmission insulation had been overlooked; 
and I may say, in reply to Mr. Corbett, that the manufacturers 
have gone into this question very thoroughly, and some of the 
data as regards tests will be found in the PROCEEDINGS of Decem- 
ber, 1912. If there is апу doubt as to the relative qualities of 
porcelain and glass it would be wise to put them in oper- 
- ation at the same time and study the results simultaneously 
so that if there is a possibility of the glass insulator being better 
it could be ascertained in that way. In the discussion which 
took place at the Cooperstown convention on insulators the 
question of mixing of porcelain came up for consideration, 
and it appears to have been maintained that it wasn’t the busi- 
ness of the electrical engineer to go into the mixing of porcelain, 
but that that was the work of the ceramic engineer. There 15 
no doubt but that the manufacturers of porcelain insulators 
are investigating this; but, as it appears to me, it is a rather 
difficult matter, and the committee found it so, to arrive at a 
standard of perfect porcelain. The mechanical stress is a very 
important feature, and I think that is particularly what the 
manufacturers had in view in the construction of glass insula- 
tors. Those can be obtained now, I believe, in almost any 
form, and I think it would be worth while for engineers to test 
out their possibilities. 

M. H. Gerry, Jr.: There is considerable misunderstanding on 
the subject of glass insulators. Glass is weaker mechanically 
than porcelain, and is also subject to internal strains, which 
may cause cracking when exposed to varying temperatures. 
The internal strains can be obviated to a considerable extent 
by proper design and can be materially reduced by careful 
annealing during manufacture. Glass insulators in many in- 
stances will give most excellent results; they are always cheaper 
and often better than porcelain insulators. I have had personal 
experience with over 200,000 glass insulators under operating 
conditions at voltages from 25,000 to 70,000, and I have never 
known an electrical failure traceable directly to the material. 
Where trouble has occurred, it has been due either to defective 
design, improper annealing or too great mechanical strain on 
the insulator. It would be impossible to make a statement 
of this kind for porcelain, as a great many clectrical failures 
have been due to defective material. 
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A. A. Miller: I ask Mr. Gerry whether or not he considers 
the new form of insulators, in which there are disks placed in 
series to each other, contributcs іп any way to the elimination 
of these internal strains. In other words, the disks, it seems 
to me, would contribute to the elimination of these internal 
strains a great deal more than the petticoat insulators. 

М.Н. Gerry, Jr.: It is entirely a question of proper anneal- 
ing of the glass during manufacture and the relative proportions 
of the different parts of the insulator. 

E. Woodbury: I ask Mr. Harisberger if he can tell how they 
would apply this test of the telephone receiver in case of a tower 
line or a wooden structure having pins grounded. 

He also mentioned that probably it was bad practise to have 
cemented pins in the insulators; in view of this, do they use 
insulators with cemented-in metal thimbles, or are the insula- 
tors screwed directly onto the pins? 

He also mentioned link-type strain insulators. It is my 
understanding that that type is not now manufactured, and 
that all suspension type insulators, therefore, would have 
cement. In line with his remarks on insulator troubles, we 
have been іп the habit of shutting down at convenient times 
our lines having pin-type insulators, and tapping the insulators 
with a stick to determine the cracked ones. On the coast where 
we had considerable trouble with burning off of poles and cross- 
arms on a 15,000-volt line, we have connected the iron pins to- 
gether with a wire and have stopped absolutely all the burning 
of poles. 

J. Harisberger: I have not had any experience with 
glass insulators for high-voltage lines, but if anyone is qualified 
to speak on that subject, Mr. Gerry is. 

We have had no occasion for locating faulty insulators on 
tower lines, as we have only some 12 miles of tower line and the 
insulators have only bcen in service a little over two years and 
have given absolutely no trouble. 

In answer to Mr. Woodbury’s question, I will say that in- 
sulators cemented to iron pins have a threaded 13-і. pin hole. 
Whenever an insulator is broken, we do not change the pin, 
but place a threaded sleeve of soft metal over the top of pin 
and screw on a new insulator. This sleeve was designed for 
this purpose and costs about two cents. 
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Discussion ON “А DISTRIBUTION SYSTEM FOR POWER Pur- 
POSES’ (NIMS), SPOKANE, WASH., SEPTEMBER 10, 1914. 
(SEE PROCEEDINGS FOR AvuGusT, 1914). 

(Subject lo final revision for the Transactions.) 

J. B. Fisken: It was my good fortune last year at the Pacific 
Coast Convention to Vancouver to see quite a good deal of the 
work that Mr. Nims had done with this ductless cable. I 
have noted some of the points on which I would like to hear some 
discussion. These are: the relative cost of ductless and duct lines, 
the use of the various insulations, such as paper, varnished cam- 
bric, and rubber and the relative. advantages of the wire of the 
shape he mentions as against round wire; I also ask Mr. Nims 
in replying to state if he knows what 16 meant by lead cable 
costing $606 a thousand feet to which he referred. 

It appears to me that this system of ductless underground cable 
is eminently suitable for distribution in residential districts, . 
but I don't see how it can be practicable in congested districts 
such as the business part of the various cities where you might 
have as many as thirty or forty cables in one duct line; it would 
appear to me that there would be many operating difficulties— 
or, rather, maintenance difficulties in keeping such a lay-out 
as that іп commission. 

P. M. Lincoln: This matter of the kind of cables that Mr. 
Nims is*using is probably the most interesting point іп the paper. 

I ask first if he has any difficulty in locating faults and if he 
can locate them so that he does not have to dig very much when 
he comes to find the fault and repair it; also I presume that chis 
type of installation would not be at all applicable where you have 
to take up pavement to make repairs—in that case I presume 
it would be out of the question. 

The question which Mr. Nims mentioned, of this being much 
more capable of getting rid of heat, is an important one. When 
the Niagara Falls plant was installed 2200 volts was the voltage 
and it was considered high at that time—1893-4;—those were 
3740-kv-a. generators, and there were ten of them, which gave 
a whole lot of current to take care of. That current was dis- 
tributed to our various customers at 2200 volts and it was 
distributed through cables in ducts, and the problem of getting 
rid of the heat in those ducts was at that time and still is one of 
the most difficult problems which has to be dealt with. I can 
assure you that any means of increasing the capacity of the cable, 
so far as the heat is concerned, appeals to me on account of my 
experience there. We made many duct conduits in the early 
days, some of them as many as 36 ducts, and we found the cables 
in the middle of those many-duct lines would have an exterior 
temperature.rise of 50, 60 or 70 deg. fahr. to begin with, some of 
them more than that, so that you can see that the problem 
of getting rid of the heat, particularly the heat in those con- 
ductors which ran in the interior ducts of the conduit, became 
a very serious опе. They have even ропе so far as to circulate 
water in some of the ducts in order to get rid of the heat. This 
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is really an important problem, particularly where large amounts 
of power have to be dealt with at relatively low voltages. 

Е. L. Rohrbach: Regarding the cost of underground systems, 
which would include a duct and manholes, I do not think there 
is any question but what Mr. Nims has used the cheapest method 
in his system at Vancouver ;but I ask Mr. Nims if he has considered 
the case of using ducts and leaving out manholes (except those 
necessary for switching); also the use of lead-covered cables, and 
what that would mean? І suppose this cable could be exposed 
at points where the manhole would naturally be built, so that 
in case of trouble it will only mean digging down at each manhole, 
or where the manhole should be, and pulling out the cable that 
isin trouble. It would mean also that you could watch the size 
of your cable; and when necessary it would be easier to take out 
a small cable and replace it with a larger one. Now, I do not 
know exactly the difference in cost between this steel armored 
cable and lead-covered cable, but judge it would be about ten 
cents per foot, that is for the same size cable used with the steel 
armor and cable used in duct. Where you have three ducts in 
one line, they сап be laid cheaper than three lines of single 
duct, I would figure the saving in cable roughly at ten cents 
a foot; thus lead-covered cable would be probably $7,300 cheaper. 
Another place you could save would be in the cost of the straight- 
joint boxes; that would be $1100.00 over the other method, as 
I understand these boxes are a means of connecting the armor 
on each side of the lead sleeve and keeping it continuous. 

I do not understand the items under the “ six railway cross- 
ings " and ''ninety-six strect crossings.” There are no lengths 
given and I have no idea what the total distance is. If they 
are ordinary streets of 75 or 100 ft. it seems to me the cost 1s 
high,asI understand that is where the wooden duct was installed. 
Of course I know nothing about the labor costs in Vancouver, 
but here in Spokane I would estimate that a single fiber duct 
surrounded with concrete could be installed for about sixteen 
cents per duct foot, and wooden ducts for twelve or thirteen 
cents. Of course my idea in installing this lead-covered cable, 
in a duct throughout the whole system, as well as at crossings, 
is simply for the purpose of being readv to pull out in case of 
trouble; and I think Mr. Nims will find that if there 15 a break- 
down in the cable there will be some difficulty іп locating the 
point of trouble. I have found that a good many eastern 
companies in testing for trouble use what they call the '' cut- 
and-try " method. That does away with any complex test. 
Most of them simply go out and cut the cable probably at the 
center and find out which half it is in and then trace it back. 
I think this would probably be the case at Vancouver, although 
there may be some other method of doingit. "Thereis one method 
which is used by simply putting a current on the conductor that 
is in trouble and then reversing the current. You go along in 
each manhole with a compass held close to the cable, and when 
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you come to the point where your compass does not vary, you 
pass the point of trouble and you know which section it isin; 
but you would be unable to do that with armored cable. 

I suppose that Mr. Nims has certainly considered the conduit 
and manhole construction, and if he has I would hke to hear 
approximately what the difference was in his estimates, and 
also if he has considered the duct alone leaving out the manhole, 
because it would be a simple question to leave a four-foot section 
and have your joints there so that you could easily get down and 
uncover your cable. Of course I understand that by doing this 
you would have to cut your cable up in smaller picces, have 
more joints, but you would get rid of making your additional 
joints over vour lead-covered cable which you do with these 
straight joints. I think that here in Spokane I could come pretty 
close to this total cost, and put in a single duct leaving out the 
manhole. 

There is another question: Mr. Fisken said something about 
a large number of cables. І think it would be entirely out of 
the question to put іп many cables; in fact, I do not know but 
what four would be too many, and especially as the size of the 
cable is not stated; for it would depend entirely upon the size 
of the cable. When vou get a cable from about 1.2 inch to 1.7 
inch the additional cost of the armor runs up considerably, 
varying from ten cents if the lead sheath is 1.2 inches in diameter. 
up to 19 or 20 cents, going up very rapidly to 1.7. "The cost of 
the duct in fibre (fibre and cement) is about 16 cents; that is 
not including the trenching because I have taken for this es- 
timate that the trenching is already done; I have only taken the 
cost of installing the duct, which will run from probably 16 
cents down to 10 cents, depending on the number of ducts. A 
wooden duct would be cheaper, possibly from fourteen down to 
seven or eight cents. 

The amount of heat dissipated by this cable is placed approxi- 
mately at 15 per cent over one working in a conduit. I would 
like to ask Mr. Nims if he has made this test, whether it is be- 
tween armored cable in a duct and armored cable in the ground; 
or whether it is between armored cable in the ground and lead- 
covered in the duct. Тһе additional insulating (jute) over the 
armored cable would probably cause an increase in heat or seven 
or eight per cent; that is, it would be harder to get rid of the 
heat due to the doubling, practically, of the insulation. 

And regarding electrolysis, there is no question that the armor 
would be some protection against electrolysis, but still if elec- 
trolysis was present the armor might give way and the lead 
would possibly be eaten up, or if electrolysis was not sufficient 
to eat away the armor it probably would not injure the lead so 
quickly. - 

С. S. MacCalla: I had a little indirect experience some years 
ago in the system which was in the city of Sydney, Australia. 
The New South Wales government ,owns and operates the 
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street railways in Sydney, which is a city of about three-quarters 
of a million; I happened at that time to be working for an 
American contractor who was installing a three-phase generating 
apparatus and substations. The cable was placed by an English 
contractor; it differed from Mr. Nims's cable and was consid- 
erably inferior to it; it had no iron armor and no insulation outside 
other than a little bitumen. The cables were laid in open 
trenches, I think about as many as eight in a trench, and were 
surrounded with a bituminous material and covered with treated 
plank. This cable was installed some months beforc the generat- 
ing apparatus was ready for operation, and when they came to 
put the current on we had all kinds of trouble; and when in- 
vestigated it was found that electrolysis had destroyed a large 
portion of the cable. If I had been the opcrating man at that 
time I would have been very thankful for a few ducts to pull 
out the cable. The whole city, which was largely paved, had to 
be dug up, the streets were torn up for some time, and the system 
had to be practically relaid. 

H. V. Carpenter: I have had a little experience along this 
line, and I might state one instance which shows the durabilitv 
of the steel armor. We have one cable line across the college 
campus, in which the cable is laid about two feet underground; 
during the excavation for our new engineering building recently 
they got over the linc too far, and I found them tugging away 
at the cable with a plow and team, but they hadn’t hurt it any, 
so we moved it over out of the way. The cable showed no injury 
atall. Itseems to me that in cases of that sort, where it is in 
a park or some place where there 1s no pavement, and there is 
no danger of electrolysis or any of those things, that the usc of 
the buried cable is very satisfactory. 

Regarding the location of faults, I would like to say that the 
svstem which is now in usc quite commonly by water companies, 
for locating troubles іп pipes, could be used for locating faults 
in this cable. That is, put a current through the cable to the 
point where the fault occurs, and then take a coil with a good 
many turns on it and connect up the telephone receiver, walk 
along the ground over the cable, find the fault and dig 1t up and 
fix 1t. 

P. M. Lincoln: About that last-mentioned method of locating 
faults, I have had some experience With it. That very same 
scheme was tried bv the Niagara Falls Power Company back in 
about 1896 or 1897, and the trouble we found was that the 
location of the fault thereby was not definite. "There would be 
at the point of the fault a slight diminution of sound in the tele- 
phone but you would hear the telephone still buzzing for five 
hundred fcet beyond the fault, and we found that thc location 
of the fault was so 1ndefinite that we had to abandon that scheme 
and locate our faults by some other method. 

H. V. Carpenter: I think the accuracy with which that 
location could be made would depend considerable оп whether 
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the inductive coil was working by electrostatic action or by 
electromagnetic. If a current of sufficient strength is put 
through the cable to the point where the fault is located, so that 
the action 1s not electrostatic, then the trouble would be located 
quite accurately. 

P. M.Lincoln: The influence of the cable upon the telephone 
is due to electromagnetic induction entirely, and the difficulty 
was undoubtedly due to the fact that the current after it left 
the fault followed the cable and got away into the ground rather 
gradually and the telephone would not distinguish whether the 
current flows in the copper conductor or in the lead sheath. 

Edward Woodbury: The paper states: ‘‘ Water for cool- 
ing is taken from the city mains." I wonder if they waste that 
water or whether they attempt to save it. We have a small 
pump and cooling tower and the water 1s circulated; then for 
an emergency we have a city supply and in case the motor stops 
running the city water 1s turned on automatically. 

G. B. Rosenblatt: Regarding water-cooled transformer 
substations, I wonder whether, where Mr. Nims comes from, 
they have any trouble with their cooling system from freezing? 
The matter of climatic conditions might be of further interest. 
I wonder how much freezing of the ground they have to contend 
with when they have any repair work to do in winter on the cable 
system. 

John Harisberger: The use of cables in trenches without 
ducts appeals to me, especially as to first cost, if it is not intended 
to make numerous connections. 

The problem of cooling water for transformers has confronted 
most operating companies. Use of city water is expensive, a 
cooling tower is not a perfect arrangement. We have a rather 
novel arrangement in our Everett substation to prevent the 
waste of water. There are two pipe lines, one at 125 pounds 
pressure and one at 80 pounds pressure. The water for the 
transformer cooling coils is taken from the 125-pound line through 
a reducing valve which reduces the pressure to 90 pounds, and 
is discharged into the 80-pound line. This arrangement has 
proven quite satisfactory. 

One of the gentlemen mentioncd a cut-and-try method for 
locating trouble in cables. I wonder if Mr. Nims had any facil- 
ities for sectionalizing his 60,000-volt overhead lines, such as 
pole-top switches. If pole-top switches are used, has he found 
them satisfactory? 

L. J. Corbett: This paper relates to the actual engineering 
features of an installation for a definite purpose. We can ap- 
preciate a difference between the installation for power alone, 
and one for both lighting and power. When the lines are opened 
temporarily or the voltage fluctuates due to some heavy load 
coming onto a system of the latter class, there may be a good 
deal of trouble caused, and complaints will be heard from the 
lighting customers. On a purely power load the fluctuations 


166 DISTRIBUTION SYSTEM [Sept. 10 


are not so noticeable, and while shutdowns may cause incon- 
venience, this 1s not comparable with a similar one on a lighting 
system, and for these reasons certain economies can be effected 
in the installation of suchasystem. Going still further, there are 
vet other systems which take greater liberties. Іп the case of 
a private manufacturing plant, for instance, which is generating 
or even buving its power and distributing it through its own 
system, liberties are sometimes taken with standard construction 
which would not be considered at all by a power company serving 
an exacting public. In Mr. Cotton’s address which was given 
yesterday, we heard the term “ near confiscation.” We have in 
such cases as these at times a condition of ‘ near unsafeness,”’ 
and the limit is quite often approached rather closely. 

I recently had occasion to make an estimate upon asystem to 
use steel-armored cables, and found the cost to be somewhat 
more than that of lead cable and iron pipe conduit. Тһе differ- 
ence was not great, but it appeared to me to be in the wrong 
direction. 

As has been brought out, quite frequently tests are made so 
closely that onc can locate a fault within a very few feet, if the 
data regarding the length of line, distances, etc., are definitely 
known. In one or two of the cases just mentioned where 
the coil and telephone receiver were not successful, it occurs to me 
that possibly the reason for not locating the fault more closely 
might be this: If you have a large number of cables in a set of 
ducts, only one of which is faulty, your instrument will not be 
so sensitive as it would be in a case where there is but one cable, 
as in the campus system mentioned bv Professor Carpenter. 

PaulLebenbaum: Relative to the advantages of sector as 
against round conductors, I know of an instance in which anoper- 
ating company had a duct line that carried the maximum size of 
cableusing round conductors, the number of ducts being limited by 
physical conditions. It being necessary to increase the capacity 
of this line, without resorting to a new route, cables of the sector 
type, having the same outside diameter as the round type, were 
substituted for the latter, and the desired increase in capacity 
was thus obtained. 

E. Woodbury: I ask Mr. Nims if a sector cable costs more 
than the ordinary round type. 

H. W. Carpenter: Iask how smallsize the sector cable is that 
is used; 1% occurred to me that if the sizes were carried down too 
low the corners of conductors would offer considerably greater 
tendency for electrostatic stresses to break through the insulation 
there than you would get with the round section. 

F. L. Rohrbach: There is one company that I know of 
which does not recommend making a sector cable in which the 
conductor is less than 1/0. They claim that conductors smaller 
than 1/0 are apt to cause too sharp bends or points, which 
introduce the corona effect and sooner or later cause the cable to 
break down. This same company recommends an “ oval ”’ 
rather than a ‘‘sector’’ cable, especially for the smaller sizes. 
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These odd-shaped cables were first introduced for the purpose 
of saving duct space, and were therefore made in the larger sizes. 
For example, a 4/0 three-phase 15,000-volt ordinary cable is as 
large as you can install in a 34-inch duct, but by making a 
‘sector " or “ oval " cable, you can probably increase the con- 
ductor to 350,000 cir. mils. For my part, I can see no reason, 
but rather an objection, for making a small size cable in these 
special shapes. My objection would be that you decrease the 
circumference of the lead sheath, and thus cut down the radiating 
surface. I think this cable used at Vancouver was made in 
" sector " shape mainly to hold down the cost of the armor. 

M. T. Crawford: I ask Mr. Nims what types of lightning 
arresters are used on the 12,000-volt lines of the system and what 
operating success has been secured. Оп 13,000-volt distributing 
lines for rural light and power on Puget Sound we have in some 
cases installed horn gaps without resistance of any kind and set 
for about three times line voltage. This type of equipment is 
only installed on the ends of branch feeders into rural districts 
where it has been necessary to keep the cost of construction 
down. Electrolytic lightning arresters are invariably used on 
the busbars in the distributing station. Asthe 13,000-volt feeders 
frequently run underneath 55,000-volt lines for some distance 
after leaving the station, there is the possibility of accidental 
contact between circuits, as well as the trouble from lightning 
to care for. A short circuit on the ends of these light capacity 
18,000-volt lines will only trip the circuit breaker and cause a 
skort interruption, which is preferable to damaging distributing 
transformers. I should like to hear other engineers' ideas on 
this subject. 
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A. I. E. E. Third Midwinter 
Convention, February 17-19, 
1915 


The third New York Midwinter Con- 
vention of the American Institute of 
Electrical Engineers will be held at 
Institute headquarters, Engineering 
Societies Building, 33 West 39th Street, 
New York, on Wednesday, Thursday 
and Friday, February 17, 18 and 19, 
1915. The list of papers to be presented 
follows. All of these papers, with the 
exception of Nos. 10, 11 and 12, are 
published in this issue of PROCEEDINGS. 
Reprints of all papers to be presented 
will be available without charge at the 
technical sessions. 


Registration 


The registration headquarters will be 
in the lobby of the Engineering Socie- 
ties Building. In order to facilitate 
the handling of mail, telegrams and 
inquiries received for Institute members 
and others in attendance at the conven- 
tion, it is desirable that members regis- 
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ter themselves and their guests imme- 
diately upon their arrival. Upon regis- 
tration each member and guest will 
receive a badge bearing his or her 
name, which for convenience in identi- 
fication should be worn during the con- 
vention. 


Wednesday, February 17 
10.00 А.М. 


The Convention will be opened by an 
introductory address by President P. 
M. Lincoln, after which the following 
papers will be presented: 

1. The Characteristics of Electric Mo- 
tors Involved in their Application, 
D. B. Rushmore. 


2:30 P.M. 

2. Effect of Moisture in the Earth on 
Temperature of Underground Cables, 
by L. E. Imlay. 

3. Ой Circuit Breakers, by К.С. Ran- 
dall. 

4. Comparison of Calculated and Mea- 
sured Corona Loss Curves, by F. W. 
Peek, Jr. 

5. A 100,000- Volt Portable Substation, 
by Charles I. Burkholder and 
Nicholas Stahl. 

Members attending the convention 
are cordially invited to attend the ses- 
sion of the American Institute of Min- 
ing Engineers devoted to the '' Use of 
Electricity in Mines ” to be held on the 
5th floor of the Engineering Societies 
Building Wednesday afternoon, Feb- 
ruary 17th. 

8:30 P.M. 

The subject of this session will be “Тһе 
Status of The Engineer." Тһе opening 
address will be presented by Mr. Lewis 
B. Stillwell, followed by addresses on 
the subject by Messrs. E.W. Rice, Jr., E. 
M. Herr, Alexander C. Humphreys, 
John Hays Hammond, George F. Swain, 
H. G. Stott, and J. J. Carty. 


Thursday, February 18 
10:00 A.M. 

6. Distortion of | Alternating- Current 
Wave Form Caused by Cyclic Vari- 
alion in Resistance, by Frederick 
Bedell and Е. С. Mayer. 
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4. Dimmers for Tungsten Lamps, by 
Alfred E. Waller. 
8. Searchlights, by C. S. McDowell. 


2:30 P.M. 

Thursday afternoon will be devoted 
to a trip to the new power station of the 
United Electric Light and Power Co., 
201st Street and Harlem River, and to 
other places of engineering intercst. 


7:00 P.M. 
Dinner Dance at the Hotel Astor. 


Friday, February 19 


10:00 А.М. 

This session will be devoted to the 
subject of '' Electrical Precipitation ” 
and the opening address will be delivered 
by Dr. F. C. Cottrell, who will give a 
historical sketch of the steps in the 
development of this phase of the art. 

9. Electrical Prectpitation—Theory of 
the Removal of Suspended Matter 
from Fluids, by W. W. Strong. 

10. Theoretical and Experimental Con- 
siderations of Electrical Precipita- 
tion, by A. F. Nesbit. 

11. Practical Applications of Electrical 


Precipitation, by Linn Bradley. 
2:30 P.M. 
12. Electrical Porcelain, by E. E. F. 
Creighton. 


Dinner-Dance, Thursday Evening, 
February 18th, 7:00 P. M. 


In accordance with the custom estab- 
lished in previous years, of having a 
social function in connection with the 
convention for the benefit and entertain- 
ment of the members and guests, the 
New York Reception Committee has 
arranged for а subscription Dinner- 
Dance at the Hotel Astor, Broadway 
and 44th Street, New York, on Thurs- 
day evening, February 18th, at seven 
o'clock, in which all members and their 
guests are cordially invited to partici- 
pate. Тһе arrangements provide for 
eight persons at a table. Dancing 
will follow immediately after the dinner. 
The subscription price is $3.50 per per- 
son. Applications for reservations 
should be made promptly to the New 
York Reception Committee at Institute 
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headquarters, and should be accom- 
panied by the names of guests. 


Inspection Trip 
Thursday Afternoon, February 18th 


There will be no technical session on 
Thursday afternoon, in order that the 
members may have an opportunitv to 
visit the power station of the United 
Electric Light and Power Company, 
20156 Street and Harlem River. The 


_ party will be made up in the lobby of the 


Engineering Societies Building and will 
leave promptly at 2:30 p. m., going 
to the power station by special motor 
buses. 


Facilities at Institute Headquarters 


Attention is called to the facilities 
available for members at Institute head- 
quarters on the tenth floor. These 
include reading and writing rooms, the 
use of rooms for conferences or commit- 
tee meetings, local and long distance 
telephone service, the receipt and for- 
warding of mail and express matter, 
and stenographic service when practi- 
cable. Information regarding hotels, 
ralroads, and points of interest in and 
about New York 18 also available. 
These facilities are at the disposal of 
members not only during the conven- 
tion, but at all times during office hours. 


Library 


The Library, which contains the indi- 
viduallibraries of the American Institute 
of Electrical Engineers, the American 
Society of Mechanical Engineers, the 
American Institute of Mining Engineers 
and the United Enginoe7^^ Society, 15 
located on the two upper floors of the 
Engineering Societies Building. The 
Library is conducted as a free public 
library of reference, and now contains 
about 60,000 volumes, and over 600 
sets of periodicals. 

One of the most important features 
of thelibrary is the research department, 


` which places the facilities of the library 


at the disposal of out-of-town members. 
Upon application to the library, bibliog- 
raphies are prepared on any desired 
engineering subject, and abstracts, 
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translations or photographs are fur- 
nished. A small fee is charged for this 
work, 


Cleveland Meeting, March 
18-19, 1915 


Preparations are well under way for 
a two-day meeting of the Institute to 
be held in Cleveland, Ohio, Thursday 
and Friday, March 18-19, under the 
auspices of the Industrial Power Com- 
mittee and the Cleveland Section. The 
sessions will be held at the Hollenden 
Hotel. 

Following is the tentative program 
of papers to be presented: 

" The Principles of the Application 
of Electricity to the Ore-Handling In- 
dustry," by C. T. Gilpin, electrical 
engineer of the Wellman-Seaver- Mor- 
gan Company, Cleveland. 

“ Тһе Rubber Industry— Electrical 
Applications and Allied Problems," by 
A. P. Lewis, electrical engineer of the 
Goodyear Tire and Rubber Company, 
Akron, Ohio. 

" Fractional Horse Power Motor 
Loads," by H. A. Pratt, manager In- 
dustrial Power Division, Westinghouse 
Electric and Manufacturing Com- 
pany, New York. 

“ Line Disturbance Caused by Special 
Squirrel Cage and Wound-Rotor Mo- 
tors when Starting Elevators or Hoists,” 
by J. C. Lincoln, president, Lincoln 
Electric Company, Cleveland. 

“Current, Torque and Power Factor 
Characteristics of A-C. Elevator Mo- 
tors," by J. F. Lincoln, vice-president, 
Linco] 7 27” “з Company, Cleveland. 

“ Тһе General Principles of Motor 
Application," by D. В. Rushmore, 
Power and Mining Engineering De- 
partment, General Electric Company, 
Schenectady, М. Y. 

“ Some Troubles Encountered in the 
Operation of Carbon Brushes on Direct- 
Current Generators and Motors," by 
Е. H. Martindale, sales engineer, Na- 
tional Carbon Company, Cleveland. 

On Thursday night, March 18, a 
banquet will be given at the Hollenden 
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Hotel. The present plan is to hold 
the technical sessions Thursday fore- 
noon and afternoon and Friday fore- 
noon and afternoon. Friday evening 
will be left open for members to make 
their own engagements. Interesting 
inspection trips will be arranged for 
Saturday, and perhaps also for Friday 
afternoon. 

Those who plan to attend the meet- 
ing should make their own arrange- 
ments for reservations directly with 
themanagement of the Hollenden Hotel. 

The complete program for the meet- 
ing will be printed in the March Pro- 
CEEDINGS. 


Pittsburgh Meeting, 
April 15-16, 1915 


A two-day meeting of the Institute 
is to be held in Pittsburgh, Pa., April 
15 and 16, 1915, under the auspices of 
the Industrial Power Committee and 
the Pittsburgh Section. The program 
for this meeting will be published in 
the March PROCEEDINGS. 


Inauguration of the , 
Engineering Foundation 


On Wednesday evening, January 27, 
1915, in the auditorium of the Engineer- 
ing Societies Building, occurred an 
event noteworthy in the annals of en- 
gineering—the first public announce- 
ment of the generous gift of $200,000 
by Ambrose Swasey of Cleveland, Ohio, 
given as the nucleus of a fund to be 
known as the Engineering Foundation, 
to be “ devoted to the advancement of 
the Engineering Arts and Sciences in all 
their branches, to the greatest good of 
the Engineering Profession, and to the 
benefit of Mankind.” 

Mr. Swasey’s gift was made through 
the United Engineering Society, for the 
benefit of the entire engineering pro- 
fession, and the announcement was 
made at the meeting by Presi- 
dent Gano Dunn of the United En- 
gineering Society, that the administra- 
tion of this fund will be entrusted to the 
Engineering Foundation Board, com- 
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posed of eleven members. ‘These mem- 
bers will be elected by the Board of 
Trustees of the United Engineer- 
ing Society, and will include two 
representatives each from the American 
Society of Civil Engineers, the Ameri- 
can Institute of Mining Engineers, the 
American Society of Mechanical En- 
gineers, and the American Institute 
of Electrical Engineers, two members 
chosen at large, and the president of the 
United Engineering Society, ex-officio. 
Only the income of the fund will be used. 

Dr. Henry S. Pritchett, President of 
the Foundation for the Advancement 
of Teaching, made an address, іп 
which he said that Mr. Swasey’s gift 
was unique because it was not donated 
as such gifts usually are, to an institu- 
tion of learning, but to working en- 
gineers, and because it is the first of its 
kind given by an engineer to be managed 
by engineers for engineers. Addresses 
were also made by Dr. Robert W. Hunt, 
Past-President of the Amcrican Insti- 
tute of Mining Engineers, Mr. Charles 
Macdonald, Past-President of the Amer- 
ican Society of Civil Engineers, and Dr. 
Alexander C. Humphreys, Past-Presi- 
dent of the American Society of Me- 
chanical Engineers, who formally 
accepted the gift on behalf of the 
United Engineering Society. 

Following his announcement of the 
name of the donor, which until then 
had been known only by the few men 
concerned in the formation of the En- 
gineering Foundation, President Dunn 
asked Mr. Swascy to address the gath- 
ering. Grected by prolonged applause, 
Mr. Swasey modestly disclaimed praise 
for his gift, and bespoke appreciation 
for the engineers who had worked out 
the method of organization. 

On Tuesday evening, January 26, a 
testimonial dinner was tendered to Mr. 
Swasey by the President and Board of 
Trustees of the United Engineering 
Societv, at the University Club, New 
York. Mr. Gano Dunn, president of the 
United Engineering Society, presided, 
and brief addresses were made by rep- 
resentatives of the four national en- 


ginecring societies which will be repre- 
sented on the Engineering Foundation 
Board. 

Ambrose Swasey, the donor of the 
initial fund for the Engineering Founda- 
tion, is widely known as the president 
of the Warner and Swasey Company 
of Cleveland, Ohio, prominent machine 
tool builders and the foremost builders 
of telescopes in the world. Among the 
instruments which they have designed 
are the famous Lick, Yerkes, and United 
States Naval Observatory telescopes, 
as well as the great 72-inch reflecting 
telescope for the Canadian Government. 
Mr. Swasey is also known for his prac- 
tical efforts in aid of scientific educa- 
tion and the advancement of his pro- 
fession. He is the inventor of a num- 
ber of instruments used by the United 
States Government in the coast de- 
fense. Ile is a Past-President of the 
American Society of Mechanical En- 
pgineers, а member of the Institution 
of Mechanical Engineers of Great Bri- 
tain and of the British Astronomical 
Societv, and a Fellow of the Royal 
Astronomical Society. In 1900 Mr. 
Swasey received from the French Gov- 
ernment the decoration of the Legion 
of Honor for his achievements in the 
design and construction of astronom- 
ical instruments, and in 1905 the degree 
of Doctor of Engineering was conferred 
upon him by the Case School of Ap- 
plied Science. 


1915 Year Book 


The Institute Year Book for 1915 
has been published and may be ob- 
tained free of charge by any member 
upon application to the Secretary, 33 
West 39th Street, New York, by mail 
or otherwise. 

The book, which is published pri- 
marily for distribution to non- members 
in connection with the work of the 
Membership Committee, contains the 
constitution, by-laws, lists of committees 
and members, and considerable other 
general information relating to the 
activities of the Institute. 
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Increase of Membership 


There were 359 applications for mem- 
bership received during the last three 
months of 1914 as compared with 242 
in the corresponding period of the pre- 
ceding year. This increase of 48 per 
cent is a direct result of the activity 
of the Membership Committee of the 
Institute and the various local member- 
ship committees of the Sections. It 
also clearly indicates that there are 
still large numbers of desirable pros- 
pective members throughout the coun- 
try to whom the many advantages of 
Institute membership should be рге- 
sented. 

An analysis of these 359 applications 
indicates that the high standard of 
membership is being maintained, and 
that all branches of electrical engineer- 
ing continue to be represented in the 
additions to our membership. The 
following is а classified summary of 
this analysis: 

Operating Engineers with Public Utility 


COMPANIES Soe. Glace сызы eee 174 
Engineers with Manufacturing Companies. 114 
Professors and Instructors............... 26 
Executive Officers...................... 24 
Consulting and Contracting Engincers.... 13 
МівсеПапеовв......................... 8 


The geographical analysis shows that 
324 of these applicants are located in 
the United States, 17 in Canada, 6 in 
the Canal Zone, 3 in Japan, 2 each in 
England and India, and one each in 
New Zealand, China, Panama Re- 
public, Honduras and Argentine Re- 
public. 

The applications from the foreign 
countries indicate the high value placed 
upon Institute publications by engineers 
residing abroad, inasmuch as these 
publications constitute the principal 
tangible advantage of membership to 
foreign members. 

Thirty-three States are represented by 
the applications from the United States. 
This widespread interest in the work of, 
and service rendered bv, the Institute 
is due largely to the opportunity for 
participation in the numerous meet- 
ings of the local Sections of the 
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Institute that have been organized 
in 3l cities throughout the country. 
These meetings and the other sessions 
and conventions are now so widely 
distributed geographically that a much 
larger proportion. of the member- 
ship can conveniently attend  meet- 
ings than was the case before the local 
Sections were organized, thus enabling 
these members to extend their acquaint- 
anceship and to enjoy social intercourse 
with their fellow engineers as well as 
to discuss their technical problems 
with them face to face. 

Many other advantages of member- 
ship in the Institute are referred to in 
a pamphlet describing the objects, 
scope and work of the Institute, which 
will be sent to anyone interested, upon 
receipt of request by any member of 
the Membership Committee or by the 
undersigned. 

F. L. HuTCHINSON, 
Se-retary. 


Plans of National Joint 
Committee on Line 
Construction 


For the purpose of completing its 
organization and laying out its working 
program the National Joint Committce 
on Overhead and Underground Line 
Construction held a meeting at the 
headquarters of the American Institute 
of Electrical Engineers on December 16, 
1914. According to present plans this 
Committee will prepare specifications 
or suggested practises or perhaps recom- 
mend modifications of existing regula- 
tions relating to the following subjects: 

1. Underground апа undergrade 
crossings. 

2. Crossings of electric wires over 
electric railway tracks. 

3. Crossings of trolley contact wires. 

4. Overhead crossings of wires or 
cables of telegraph, telephone, signal 
and other circuits of similar character 
over steam railroad rights of way, 
track, or lines of wire of the same classes. 

5. Overhead crossings of electric 
hight and power lines. 
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6. Parallel lines. 

Specifications covering subject No. 4 
already prepared by an earlier joint 
committee representing various intcr- 
ests are now being considered for adop- 
tion by the National Joint Committce. 
Subject No. 5 has been covered by the 
present standard specifications, the 
edition adopted and published by the 
American Electric Railway Engineering 
Association being the latest revision. 
The other subjects are new, and specifi- 
cations relating thereto will have to be 
prepared by the committee, which de- 
sires to enlist the cooperation of all 
persons and associations interested in 
any subject pertaining to line construc- 
tion, with the object of preventing dupli- 
cation of work and insuring uniformity 
in the specifications adopted by the 
various associations, thereby avoiding 
all unnecessary conflicts. It is the 
desire of the committee to be looked 
upon more or less as the court of last 
resort in the formulation and interpreta- 
tions of specifications, and as such it 
would like to receive the hearty sup- 
port of all interests concerned. 

The National Joint Committee is 
made up of official delegates and alter- 
nates from the following organizations: 

American Railway Association. 

American Railway Engineering Asso- 
elation. 

Railway Signal Association. 

Association of Railway Telegraph 
Superintendents. 

National Electric Light Association. 

American Electric Railway Enginecr- 
ing Association. ` 

American Institute of Electrical En- 
ginecrs. 

American 
ciation. 

American Telephone and Telegraph 
Company. 

United States Bureau of Standards. 

Independent Telephone Association 
of America. 

Western Union Telegraph Company. 

Postal Telegraph Company. 

Mr. Farley Osgood, Newark, N. J. is 
chairman, and Мт. G. W. Palmer, Jr., 


Electric Railway Asso- 
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Boston, is vice-chairman of the com- 
mittee. Тһе secretary is Mr. R. D. 
Coombs, 30 Church Street, New York, 
and Mr. W. H. Feller, 759 Broad Street, 
Newark, N. J., is assistant secretary. 


Directors’ Meeting, New York, 
January 8,1915 


The regular monthly meeting of the 
Board of Directors of the Institute was 
held at Institute headquarters, New 
York, on Friday, January 8, 1915, at 


3:30 p.m. 
There were present: President P. M. 
Lincoln, Pittsburgh, Pa., Past.Presi- 


dents Ralph D. Mershon and C. О. 
Mailloux, New York; Vice-President 
H. H. Barnes, Jr., New York; Managers 
С. А. Adams, Cambridge, Mass., J. 
Franklin Stevens, Philadelphia, Pa., 
Bancroft Gherardi and A. S. McAllister, 
New York; Treasurer George А. Hamil- 
ton, Elizabeth, N. J., and Secretary F. 
L. Hutchinson, New York. 

The action of the Finance Committee 
in approving monthly bills amounting 
to $8,912.00 was ratified. 

Тһе Secretary announced the fol. 
lowing additional committee appoint- 
ments made by President Lincoln since 
the last meeting: 

Use of Electricity іп Mines, H. M. 
Southgate; Industrial Power, A. S. 
McAllister; Records and Appraisals of 
Properties, Henry Floy; Proteetive 
Apparatus: E. E. F. Creighton, chair- 
man, Н.Н. Dewey, Louis Elliott, Victor 
H. Greisser, Ford W. Harris, S. Q. 
Hayes, Fred L. Hunt, L. E. Imlay, 
R. P. Jackson, J. T. Lawson, E. B. 
Merriam, L. C. Nicholson, E. P. Peck, 
N. L. Pollard, D. W. Roper, O. O. Rider, 
Charles P. Steinmetz, H. R. Woodrow. 

The Board confirmed the appoint- 
ment by President Lincoln of Mr. Ralph 
D. Mershon as-a member of the Edison 
Medal Committee to fill the vacancy 
caused by the resignation of Mr. W. D. 
Weaver. 

Mr. Harry. Parker Gibbs was ap- 
pointed by the Board Local Honorary 
Secretary for India for the term of two 
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years, to succeed Mr. Clare Е. Beames, 
who recently returned to the United 
States. 

Upon the recommendation of the 
Meetings and Papers Committee, au- 
thority was granted to hold Institute 
meetings іп Cleveland, Ohio, March 18 
and 19, and in Pittsburgh, Pa., April 
15 and 16, both meetings to be under the 
auspices of theIndustrial Power Commit- 
tee, with the cooperation of the Cleveland 
and Pittsburgh Sections respectively. 

Upon the recommendation of the 
Board of Examiners, the Board of 
Directors transferred one member of the 
Institute to the grade of Fellow and 
three to the grade of Member, elected 
four applicants as Members and 192 
as Associates, and ordered the enrol- 
ment of 76 students, in accordance 
with the lists printed in this issue of the 
PROCEEDINGS. 

Upon the petition of Professor S. R. 
Pritchard, of the Virginia Polytechnic 
Institute, Blacksburg, Va., the organi- 
zation of a Student Branch at that 
Institute was authorized.. 

Мг. Gano Dunn was unanimously 
reappointed by the Board as one of the 
Institute's representatives upon the 
Board of Trustees of the United Engi- 
neering Society, for the term of three 


years ending on the fourth Thursday. 


of January, 1918. 

The Secretary announced that in 
accordance with Section 21 of the Insti- 
tute by-laws, President Lincoln would 
become a member of the John Fritz 
Medal Board of Award on the third 
Friday of January, vice Past-President 
Dugald C. Jackson, whose term would 
expire on that date. 

A considerable amount of other busi- 
ness was transacted by the Board, 
reference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


Past Institute Meetings 


New York.—The 303rd meeting of 
the Institute was held Friday, January 
8, 1915, on the fifth floor of the Engi- 


INSTITUTE AFFAIRS 35 


neering Societies Building, beginning at 
8:20 p.m. President Paul М. Lincoln 
presided. | 

Mr. I. W. Gross presented his paper 
on Theoretical Investigation of Electric 
Transmission Systems under Short-Ctr- 
cuit Conditions. The discussion was 
participated in by Messrs. Henry G. 
Stott, Philip Torchio, Cassius M. Davis, 
H. R. Woodrow, James Lyman, John 
B. Taylor, R. W. Atkinson, Charles 
Fortescue, Hans Lippelt and I. W. 
Gross. 

At the close of the technical session, 
a smoker was held in the adjoining 
room. 


Past Section Meetings 


Baltimore.—November20,1914, Phys- 
ical Laboratory, Johns Hopkins Univer- 
sity. Subject: Central Station. De- 
sign. Paper: ''Description. of New 
Boiler House and Turbines at Westport 
Station," by А, S. Loizeaux. Attend- 
ance 32. 

December 18, 1914, City Club, Mun- 
sey Building. Address by Dr. Charles 
D. Snyder on “Тһе Human Electro- 
Cardiogram," illustrated by lantern 
slides. Attendance 25. 

Boston.— December 15, 1914, Audi- 
torium, Engineers Club. Subject: Rail- 
way Operation. Paper: “ The Electri- 
cal Systenf of the Boston Elevated 
Railway Company," bv Paul Winsor. 
Attendance 100. 

Cleveland.— December 21, 1914, 
Chamber of Commerce. Subject: Elec- 
tricity in Marine Work. Paper: '' Mar- 


‘ine Electrical Applications," by H. A. 


Hornor. Paper was illustrated by 
lantern slides. Attendance 44. 

Detroit-Ann Arbor.—December 11, 
1914, Detroit Engineering Society 
Rooms. Paper: “ European Boiler 
Practise and Boiler Etficiency Meters,” 
by W. A. Blonck. Attendance 140. 
January 15, 1915, New Engineering 
Building, University of Michigan. 
Paper: “ Growth of a Modern Utility," 
by J. D. Gordon, illustrated by moving 
pictures. 
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Fort Wayne.— December 17, 1914, 
Commercial Club. Address by Mr. F. 
M. Kimball on '' The Early History of 
Electrical Development." Attendance 
37. 

Indianapolis-Lafayette. — December 
11, 1914, Indianapolis. Subject: Elec- 
tric Furnace. Paper: “Тһе Electric 
Furnace and the Metallurgy of Iron," 
by H. A. Schwartz. Attendance 45. 

Ithaca.— November 20, 1914, Frank- 
lin Hall, Cornell University. Papers: 
(1) “ Edison and the Development of 
Electric Lighting," by С. A. Rasch; 
(2) “ Determination of Magnetic Flux,” 
by Ralph Brown; (3) “А Novel Slip 
Meter," by Frederick Bedell. At- 
tendance 45. 

December 18, 1914, Franklin Hall, 
Cornell University. Papers: (1) “боте 
Stunts,” by J. G. Portsch; (2) “ Experi- 
ments with 70,000 Volts," by I. E. Cole. 
Attendance 85. 


Lynn.— December 14, 1914, Burdett 
College Hall. Illustrated lecture by 
Mr. Howard W. DuBois on ‘ Alaska, 


Our Land of the Midnight Sun." At- 
tendance 410. 
January 6, 1915, General Electric 


Works. Illustrated lecture by Profes- 
sor О. F. Comstock on “ Modern Views 
of Electricity and Matter." Attend- 
ance 262. 


Milwaukee.— December, 9, 1914. 
Plankinton House. Illustrated ad- 
dress by Mr. С. G. Sprado on “ Allis- 
Chalmers Oil Engines." Also address 
by Mr. Francis А. Vaughn on '' Mil- 
waukee Street Lighting System." At- 
tendance 125. 


January 13, 1915, Plankinton House. 


Illustrated address by Major H. B. 
Ferguson, U. 5. А. on “ Coffer Dam 


Around the Battleship Maine." At- 
tendance 160. 

Panama.— November 22, 1914, Ga- 
tun, Canal Zone. Address on * Me- 


chanical and Electrical Features of 
Floating Cranes," by Henry Schoell- 
horn, followed by an actual demonstra- 
tion of a crane іп service. Attendance 
62. 
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Philadelphia.— December 14, 1914, 
Engineers Club. Subject: Telephony. 
Paper: “ Some Experiences with Tele- 
phone Grounds and Their Measure- 
ment," by L. Н. Babbitt. Attendance 
85. 

December 19, 1914, Engineers Club. | 
Paper: “Тһе Mercury Turbine," by 
W. L. К. Emmet. Attendance 145. 

January 11, 1915, Engineers Club. 
Paper: “ Modern Steel Mill Electrifi- 
cation," by William F. James. Attend- 
ance 90. 

Pittsburgh.— December 12, '1914. 
Banquet of Pittsburgh Section, followed 
by address bv President Lincoln and 
various social features. Attendance 
362. 

Pittsfield.— December 10, 1914, Ma- 
sonic Temple. Annual Dance of the 
Pittsfield Section. Attendance 110. 

January 7, 1915, Hotel Wendell. 
Paper: “ Wave Motions,” by Professor 
W. S. Franklin. Attendance 104. 

Portland.— January 5, 1915. Paper: 
“ Multiplex Cost апа Rate System,” 
by Otto B. Goldman. Joint meeting 
with local section of N. E. L. A. At- 
tendance 30. 

Rochester.— December 18, 1914, Sib- 
ley Building. Paper: * Testing бог 
Grounds on D-C. System under Load,” 
by Messrs. Bodler and Lustvk. At- 
tendance 41. . 

Schenectady.— January 5, 1915, Edi- 
son Club Hall. Subject: Illumination. 
Papers: (1) “ Electric Hluminants,” by 
S. H. Blake; (2) “Тһе Arc as a Street 
IHluminant," by C. А. Halvorson; (3) 
'" Comparison of Different Systems of 
Operating Series Incandescent Lamps," 
by H. D. Brown; (4) '' Characteristics 
of Gas-Filled Mazda Lamps," by L. A. 
Hawkins. Attendance 130. 

Seattle.— December 15, 1914, Cen- 
tral Building. Paper: “ The Responsi- 
bility of the Engineer to the Public," 
by C. A. Reynolds. Election of officers 
as follows—chairman, S. C. Lindsay, 
secretary, E. A. Loew. Attendance 56. 

Spokane.— October 16, 1914, Daven- 
port's. Paper: “Тһе Operation of 
Transmission Lines,” by M. W. Birkett. 
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Report оп Detroit Convention by J. В. 
Fisken. 

November 20, 1914, Assembly Hall 
of Chamber of Commerce Building. 
Paper: ' The Electrical Bngincering 
Course at the Washington State Col- 
lege," by M. K. Akers. 

December 18, 1914, Assembly Hall 
of Chamber of Commerce Building. 
Papers: “ Panama Canal," by D. B. 
Rushmore, illustrated by lantern slides. 
“ Some Features of the Practical 
Operation of High-Tension Substa- 
tions,” by Mr. Byron. 

Toledo.—January 8, 1915, Toledo 
Commerce Club. Paper: “ Practical 
Testing of Electrical Apparatus," bv 
E. B. Thurston. Attendance 14. 


Urbana.— December 12, 1914, Nelson 


Hal, Champaign, Il. Address by 
Dean C. В. Richards on “ Power Trans- 
mission," Attendance 174. 


Vancouver.—November 12, 1914, 
Metropolitan Building. Discussion on 
subject of ''Inductive Interference ” 
as legislated upon by State of California. 
Attendance 16. 

December 10, 1914, Metropolitan 
Building. Paper: " Inductive Inter- 
ference," by E. P. La Belle. Election of 
Mr. E. P.:LaBelle as Section chairman, 
to replace Mr. F. D. Nims, who re- 
signed owing to leaving Vancouver. 
Attendance 16. 


Past Branch Meetings 


University of Arkansas.— January 11, 
1915, Engineering Hall. Papers: (1) 
“А Hydroelectric Plant," by ). H. 
Dunn; (2) “ Maintaining Railway Elec- 
triiation," by H. R. Horton; (3) 
'" Sparks," by A. L. Wilson. Attend- 
ance 14. 

January 13, 1915. 
Men in Business," 
Attendance 37. 


Bucknell University.—January 14, 
1915, East College. Address by Mr. 
R. L. Rooke on “ Methods Used in 
Testing Electrical Machinery." At- 
tendance 30. 


Paper: “ College 
by A. L. Mercer. 
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` University of  California.—October 
21, 1914, Berkeley. Papers: (1) “ Wa- 
ter Rights," by H. A. White; (2) “Тіс 


Dalton Adding Machine," by R. S. 
Horton. Attendance 14. 
November 4, 1914, Berkeley. Pa- 


pers: (1) * Panama Canal Electrifica- 
tion," by R. D. Andrews: (2) '' High- 
Tension Transmission of Direct-Cur- 
rent Thury System as Used in Europe," 
by H. A. Mulvaney. Attendance 12. 

November 18, 1914, Berkeley. Pa- 
pers: (1) “Тһе Lead Cell," by A. R. 
Thompson; (2) ‘ The Edison Cell,” 
by H. D. Miller. Attendance 16. 

University of Cincinnati.— January 
19, 1915. Ilustrated address by Mr. 
A. C. Perry on (1) “ Electric Lighting 
Systems for Automobiles" and (2) 
“ The Direct Motor Drive for Planers.” 
Attendance 34. 

Iowa State College.— January 13, 
1915, Ames, Iowa. Lecture by Мг. 
J. R. Watson on '' General Central Sta- 
tion Practise.” Attendance 128. 

Kansas State Agricultural College.— 
October6, 1914, Electrical Lecture Room. 
Short addresses by Professor Reid and 
Mr. MeNair on the desirability of 
Institute membership. Attendance 40. 

November 6, 1914, Engineering Атп- 
phitheatre. Papers: (1) “ The History 
of the A. I. E. E," by J. S. Hagan; (2) 
Evolution of Induction Motor and 
Transformer," by M. P. Goudy; (3) 
"Live Wires," by L. R. Parkerson; 
(4) '** Electric Starters for Automobiles,” 
by C. A. Hooker. Attendance 55. 

December 14, 1914, Electrical Lec- 
ture Room. Address by Mr. McNair 
on “ Principles Underlying the Design 
of the Oscillographs," followed by a 
demonstration of a new three-element 
oscillograph. Attendance 42. 

Lehigh  University.— December 15, 
1914, Physics Building. Address bv 
Mr. T. C. Martin on “ The М. E. L. А.” 
Experimental lecture by Prof. W. S. 
Franklin. Attendance 115. 

University of Maine.— December 16, 
1914, Club Room, Hannibal. Papers: 
(1) “ Modern Applications of Electri- 
city," by Robert F. Thurell, illustrated 
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by lantern slides; (2) “ The Civil En- 
gineer’s Task in the Construction of an 
Electric Railway," by Norman Emmons 
Attendance 24. 

Montana State College.— November 
20, 1914, Chemistry Building. Illus- 
trated lecture by Mr. W. О. Batchelder 
on “The Development of the Electrical 
Manufacturing — Industries," Attend- 
ance 39. 

December 15, 1914, Electrical Build- 


ing. Address by Mr. J. Н. Mills on 
“Тһе Underwriters Rules, and the 
National Electrical Code." Attend- 


ance 33. 

January 12, 1915, Electrical Building. 
Address by Mr. C. T. Booker on '' Ex- 
periences in Electrical Work." Attend- 
ance 35. 

North Carolina College of Agricul- 
tural and Mechanical Arts.— January 
12, 1915, West Raleigh. Illustrated 
lecture on '' Edison and the Develop- 
ment of Electric Lighting," presented 
by Messrs. Jeffers, Fontaine, Robinson 
and Baker. Attendance 18. 

Ohio Northern University.— January 
13, 1915, Hill Memorial. Address by 
Mr. W. Parsons on “ Electricity in the 
Mining Industry," followed by paper 
on ' Insulators," by L. W. Brehman. 
Attendance 26. 

Ohio State University.— December 
16, 1914, “ Union "—Columbus. Ban- 
quet, followed by meeting devoted to 
discussion of Branch affairs. Attend- 
ance 26. 

University of Oklahoma.— December 
16, 1914, Engineering Building. Pa- 
pers: (1) “ Current Topics," by Homer 
Livergood; (2) “ Life of George West- 
inghouse," by W. Miller Vernor; (3) 
“ Standardization of  Direct-Current 
Machinery," by A. M. Pawnell. At- 
tendance 16. 

Pennsylvania State College.— Decem- 
ber 2, 1914, Engineering Club Room. 
Paper: '' Effect of Voltage of Different 
Wave Forms on Life of "Tungsten 


Lamps," by D. L. Markle. Attendance 
20. 

December 18, 1914, Engineering 
Building. Paper: ' Methods of Re- 
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mote Control of Motors," by E. C. 
Woodruff. Attendance 33. 

Rhode Island State College.— Decem- 
ber 17, 1914, Lippitt Hall. Addresses 
by L. H.e Harris on “ High-Tension 
Transmission," and by Mr. George 
Slocum on “ The Work of the Graduate 
as an Apprentice." Attendance 26. 

Agricultural and Mechanical College 
of Texas.— December 4, 1914, Electri- 
cal Engineering Building. Papers: (1) 
“ Damage to Railways by Flat Wheels,” 
and (2) “ Railroad Systems and Freight 
Rates Throughout the United States." 
Attendance 162. 

December 10, 1914, Assembly Hall. 
Motion pictures showing the manufac- 
ture and uses of electrical machinery, 
especially the dynamo. Attendance 
110. 

Throop College of Technology.— De- 
cember 18, 1914, Accounting Room. 
Election of officers as follows: chairman, 
К. 5. Ferguson; secretary, W. M. 
Holmes. 

December 18, 1914, Electrical Еп- 
gineering Lecture Room. Paper: '' The 
Diesel Engine," by C. H. McGuire, 
illustrated by lantern slides. Attendance 
24. 

University of Washington.- 
5, 1915, Good Roads Building. Short 
addresses as follows— (1) ‘ Photo- 
metric Tests of the Lighting in the En- 
gineering Building," by Chas. G. Marcy, 
and (2) “ Some Operating Features of 
the Olympic Power Company's Trans- 
mission System," by W. A. Danielson. 
Attendance 26. 

Yale University.— December 11, 1914, 


January 


New Haven, Subject: Radiotele- 
graphy. Paper: “ Recent Develop- 
ments in Radiotelegraphy,” by J. L. 


Attendance 122, 


Hogan, Jr. 


Cav. ING. GUIDO SEMENZA, Local 
Honorary Secretary of the A. I. E. E. 
for Italy, has been elected President of 
the Associazione Elettrotecnica Italiana 
for the three-year term 1915-1917, thus 
also becoming President of the Italian 
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National Committee of the Interna- 
tional Electrotechnical Commission. 
Mr. CARL J. FECHHEIMER, who for 
nearly five years had charge of the de- 
sign of alternating-current machinery 
of the Crocker-Wheeler Company, re- 
signed from that position on November 
30th of last year, in order to accept a 
position in the Power Division of the 
Engineering Department of the West- 
inghouse Electric and Manufacturing 
Company at East Pittsburgh, Pa. 


Recommended for Transfer, 
January б, 1915 


The Board of Examiners, at its 
regular monthly meeting on January 6, 
1915, recommended the following mem- 
bers of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To GRADE OF MEMBER 
DupLEv, Wray, Local Engineer, Gen- 
eral Electric Co., Pittsburgh, Pa. 
HEHRE, FREDERICK W., Instructor of 
Electrical Engineering, Columbia 

University, New York, N. Y. 

MACGAHAN, PAUL, Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 

MORELAND, EDWARD L., Manager of 
Boston office, D. C. & W. B. Jack- 
son, Boston, Mass. 

PARKHURST, AUSTIN FLINT, Division 
Supt., Tropical Radio Telegraph Co., 
New Orleans, La. 

POWELL, PERCIVAL HERBERT, 
turer in Electrical 
Canterbury College, 
New Zealand. 

SHREWSBURY, LEWIS ALFRED, Supt., 
Electrical Dept., Cia. Minera Las Dos 
Estrellas, Mexico City, Mexico. 


Lec- 
Engineering, 
Christchurch, 


— — — — — 


Transferred to the Grade of 
Fellow January 8, 1915 


The following Member was trans- 
ferred to the grade of Fellow of the 
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Institute at the meeting of the Board of 

Directors on January 8, 1915. 

FRIES, JOENS ELIAS, Assistant Engineer, 
Crocker-Wheeler Co., Ampere, М. J. 


— À—— — — — 


Transferred to the Grade of 
Member January 8,1915 


Тһе following Associates were trans- 
ferred to the grade of Member of the 
Institute at the mecting of the Board of 
Directors on January 8, 1915. 

DAWES, CHESTER LAURENS, Instructor 
in Electrical Engineering, Graduate 
School of Applicd Science, Harvard 
University, Cambridge, Mass. 

TURBAYNE, WILLIAM A., Electrical 
Engineer, U. S. Light & Heating 
Co., Niagara Falls, N. Y. 

YATES, WILLIAM C., Commercial En- 


gineer, Industrial Control Dept., 
General Electric Co., Schenectady, 
N. Y. 


Members Elected January 
8, 1915 

GATES, ALLEN B., Assistant Electrical 
Engineer, Sanitary District of Chi- 
cago; res, 209 N. Lockwood Ave., 
Chicago, Ill. 

GOLDSMITH, ALFRED N., Instructor in 
Physics, College of the City of New 
York, New York, N. Y. 

QUINN, EDWARD A., General Superin- 
tendent, San Joaquin Light & Power 
Corp., Fresno, Cal. 

TAPPAN, CHARLES O., Consulting & 
Constructing Engineer, 2 Rector St., 
New York, N. Y. 


Associates Elected January 8, 
1915 
ADAMS, C. C., Chief Electrician, Buhl 
Malleable Iron Co.; res., 194 Linwood 
Ave., Detroit, Mich. 
*ALLURED, KARL B., 15204 Center Ave., 
Harvey, ПІ. 
ANGER, RICHARD E., Instructor, Service 
Dept., Wagner Electric Mfg. Co.; 
res., 144 Alexandrine Ave. W., De- 
troit, Mich. 
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ARIKAWA, Aur, Engineer, Inawashiro 
Hydro-Electric Power Co., Fukushi- 
maken, Japan. 

ASHLEY, ALFRED H., Chief Electrician, 
Walkerville Light & Power Co., 
Walkerville, Ont. 

ATWELL, R. NELSON, Estimate Man, 
Consolidated Gas, Electric Light & 
Power Co.; res., 1709 М. Calvert St., 
Baltimore, Ма, 

BapDLEY, LEO W., Assistant Factory 
Electrical Engineer, Upson Nut Co., 
Cleveland, Ohio. 

*BARDO, BENJAMIN FRANKLIN, Assist- 
ant Engineer, Power Dept., N.Y., N. 
H. & H. R. R. Co.; res., 24 Everit 
St., New Haven, Conn. 


*BEACH, ROBIN, Instructor in Electrical 
Engineering, A. & M. College of 
Texas, College Station, Tex. 

*"BECKMAN, F. G., Superintendent of 
Construction, Arrow Engineering Co., 
412 Star Bldg., St. Louis, Mo. 

BELL, H. P., Electrical Engineer, San 
Francisco-Oakland Terminal Rys., 
300 Syndicate Bldg., Oakland, Cal. 

"BELT, JEFFERSON HarL, Research 
Fellow, Engineering Experiment 
Station, University of Illinois, Urbana, 
Ш. 

BERG, FRANK А., Foreman, Electrical 
& Testing Depts., Richmond Radi- 
cator Co., Tacony, Philadelphia, Pa. 

BIELE, Harry M., Expert (Morkrum 
Telegraph Printers), Postal Tele- 
graph & Cable Co., 253 Broadway, 
New York, N. Y. 


*BILLHIMER, FRANK M., Westinghouse 
Electric & Mfg. Co., E. Pittsburgh; 
res., 411 Rebecca Ave., Wilkinsburg, 
Pa. 

“Білік, HOMER O., Electrical Engineer, 
with Henry L. Gray, Seattle; res., 
524 N. O St., Tacoma, Wash. 

Вослкооѕ, LEONARD R., Assistant 
Chief Electrician, Packard Motor 
Car Co.; res., 575 Fisher Ave., De- 
troit, Mich. 

BOTHWELL, C. C., Representative, Can- 
adian Laco-Philips Co. Ltd., 249 
Victoria St., Toronto, Ont. 
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BowEkns, FRANK E., Salesman, А. T. 
Knowlson Co.; гев., 237 Belmont 
Avenue, Detroit, Mich. 

*BROWN, GLENN O., Standardization 
Laboratory Foreman, Kansas City 
Elec. Light Co.; res., 3000 Woodland 
Ave., Kansas City, Mo. 

Buck, LucikeN, Purchasing Engineer, 
Eastman Kodak Co.; res., 184 Clay 
Avenue, Rochester, М. Y. 

BurGEss, Davin, Master Mechanic 4 
Elec. Engr., Michigan Copper & 
Brass Co.; res., 389 Campbell Ave., 
Detroit, Mich. 

Byron, J. P., Substation Inspector & 
Tester, Washington Water Power 
Co., Spokane, Wash. 

CABLE, R. J., Chicf, Studebaker Plant 
No. 5; res., 1292 Porter St., Detroit, 
Mich. 

CARDIFF, R. L., District Manager, 
Coast Counties Gas & Electric Co., 
173 Pacific Ave., Santa Cruz, Cal. 

CARTEN, JAMES W., Electrical Engineer, 
Lozier Motor Co.; res., 29 Navarre 
St., Detroit, Mich. 

*СлѕЕ, RALPH E., Manager, Engineer- 
ing Dept., R. U. V. Co. Inc., 50 
Broad St., New York, М. Y. 

CHAPMAN, H. B., Mgr., Industrial and 
Power Dept., Westinghouse Elec. & 
Mfg. Со., 1205 Dime Bank Bldg., 
Detroit, Mich. 

CHRYSLER, W. L., District Superin- 
tendent, Washington Water Power 
Co., Wilbur, Wash. 

CLovER, С. R., District Manager, 
Cooper Hewitt Electric Co., 427 
Ford Building, Detroit, Mich. 

Cone, D. I. Engr. of Transmission 
Work, Pacific Tel. & Tel. Co., San 
Francisco; res., 1730 California St., 
Berkelev, Cal. 

“Соок, J. А., On Engineering Staff, 
D. C. & W. B. Jackson; res., 3210 
Arthington St., Chicago, Ill. 

CORREA, E. J., Salesman, General Elec- 
tric Co., 124 W. 4th St., Los Angeles, 
Cal. 


*CORTE, ANTHONY, Student Electrical 
Engineer, General Electric Co.; res., 
231 Seward Place, Schenectady, М. Y. 
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DEININGER, Howarp F., Electrical 
Testman, Philadelphia Rapid Transit 
Co.; res., 2119 Master St., Phila- 
delphia, Pa. 

*DELVIN, R. B., Electrical Draftsman, 
Edison Illuminating Co.; res., 421 
Second Ave., Detroit, Mich. 

*“DOERSCHUK, HERBERT M., Assistant 
Electrical Engineer, Aluminum 
Company of America, Niagara Falls, 
N. Y. 

DuBskv, FRANK, Designing Engineer, 
General Electric Co.; res., 192 East 
St., Pittsfield, Mass. 

EARLY, EDWARD, Electrical Engineer, 
Moody Engineering Co., 115 Broad- 
way, New York, N. Y. 

*EASLER, J. M. T., Operator, Pacific 
Gas & Electric Co.; res., 101 Сарі- 
strano Ave., San Francisco, Cal. 


ESCHLER, RICHARD T., Member of firm, 
Richter and Eschler, 21 Federal St., 
Camden, N. J. 


*ETHERIDGE, HAROLD LOWELL, Inspec- 
tor, Elec. Dept., N. Y., N. H. & H. 
R. R. Co., Van Nest; res., 613 W. 
145th St., New York, N. Y. 


FRANK, Leon H., Sales Manager, 
Mutual Electric & Machine Co., 
Wheeling, W. Va. 


*FRANKEL, MORTIMER, District Man- 
ager, Roller-Smith Co., 740 Monad- 
nock Block, Chicago, ПІ. 


"Geist, HARRY Forest, Development 
Engineering, Webster Electric Со.; 
res., 2230 16th St., Racine, Wis. 


GEORGI, JOHN A., Salesman, A. T. 
Knowlson Co.; res., 647 Seyburn St., 
Detroit, Mich. 


*GILCHREST, GEORGE IRVING, Research 
Dept., Westinghouse Electric & Mfg. 
Co., Pittsburgh, Pa. 


GLuNT, S.J., Manager, Electrical Dept. 
Miller Supply Co., Huntington, 
W. Уа. 

Gracey, H. C., Electrician, Сһепе & 
Belt Line; res., 296 Melbourne Ave., 
Detroit, Mich. 

GRAVES, А. G., Commissioner Public 
Utilities, City of Calgary; res., 314 
Scarboro Ave., Calgary, Alta. 
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GREEN, RussEeLL E., Representative, 
Standard Underground Cable Co., 
The Rookery, Chicago, Ill. 

"GREVES, GEORGE L., Instructor іп 
Electrical Engineering, Case School 
of Applied Science, Cleveland, Ohio. 

GRIFFITHS, W. W., Electrical Engineer, 
Fort Wayne Electrical Works; res., 
3115 South Wayne Ave., Fort Wayne, 
Ind. 

GRIMMENSTEIN, ALBERT W.,Switchboard 
Operator, Power House, Sierra & San 
Francisco Power Co., Stanislaus, Cal. 

GUILD, EARLE S., Electrical Foreman, 
Panama Canal, Gatun, C. Z. 

*GUMAER, PERCY WiLcox, Instructor 
of Electrical Engineering, University 
of Missouri, Columbia, Mo. 

*HART, R. PHILIP, 2nd, Asst. Instructor, 
Electrical Laboratory, Sheffield Scien- 
tific School, New Haven, Conn. 

HATTENDORF, H. T., General Foreman, 
Electrical Construction and Main- 
tenance, Panama Canal, Gatun, С. 2. 

Hawkins, H. B. Member of firm, 
Hawkins-Hamilton Co., Peoples Nat’! 
Bank Bldg., Lynchburg, Va. 

*Hay, WILLIAM OSCAR, JR., Assistant 
General Manager, Tug River Power 
Co., Sprigg, W. Va. 

*HAYES, DANIEL WILLIAM, Ann Arbor 
Supt., Eastern Michigan Edison Co., 
401 S. Main St., Ann Arbor, Mich. 

Нервтком, E. S., Electrical Engineer, 
Swedish General Electric Co. Ltd.; 
res., 56 Phoebe St., Toronto, Ont. 

HELM, WILLIAM A., System Operator, 
Potomac Electric Power Co.; res., 
1014 6th St. N. E., Washington, D. C. 

Hertz, S. S., Tester (Electrical), 
Dynamo Testing Dept., Westing- 
house Elec. & Mfg. Co., E. Pitts- 
burgh, Pa. 

“Нітснсоск, Harry W., Engineer, 
American Telephone & Telegraph 
Co.; res., 102 Convent Ave. New 
York, N. Y. 

Ногсе, JAMES, Electrician, Metal Pro- 
ducts Co. & Terminal R. R.; res., 692 
Commonwealth Áve., Detroit, Mich. 

HomricHaus, А. HoLLE, Sales Mana- 
ger, Lincoln Electric Co., 619 Free 
Press Bldg., Detroit, Mich. 
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*HuLL, Ковект H., Sales Correspon- 
dent, Railway & Lighting Dept., 
Westinghouse Elec. & Mfg. Co., E. 
Pittsburgh, Pa. 

INGRAM, Ковект T., Operator, Mt. 
Whitney Power & Electric Co., 
Hammond, Cal. 

JenKs, H. G., Inspector, Charles H. 
Tenney & Co.; res., 10 Langdon 
Block, Montpelier, Vt. 

*JENNINGS, C. E., Student Engr., 
Consulting Engg. Dept., General 
Electric Co.; res., 104 Park Ave., 
Schenectady, N. Y. 

JENNINGS, EARLE B., Wickmire Mining 
Co., Iron River, Mich. 

KEITH, ALBERT, Chief Electrician, Penn 
Salt Mfg. Со.; res., 117 Poplar 
St., Wyandotte, Mich. 


*KELSO, NEWTON THOMPKINS, Student, 
Electrical Engineering, Purdue Uni- 
versity; res, 215 Lutz Ave., W. 
Lafayette, Ind. 

*KIEHL, EUGENE P., Electrical Engi- 
neer, Atlantic Refining Co.; res., Chel- 
ten Ave. & 13th St., Philadelphia, Pa. 


KiLcovNE, F. R., Sales Engineer, 
Commercial Electrical Supply Co., 
47 Park Place, Detroit, Mich. 


KILLAM, LESLIE, Plant Superintendent, 
Wisconsin Telephone Co., 183 Fifth 
St., Milwaukee, Wis. 

KRAMER, H. A., Draftsman, Panama- 
Pacific International Exposition Co.; 
res., 4029 23rd St., San Francisco, 
Cal. 


LAIRD, KENNETH V., Graduate Student, 
University of California; res., 105 
Parkside Drive, Berkeley, Cal. 

LAKIN, CHARLES, Chief Electrician, 
Kelsey Wheel Co.; res., 69 Maple- 
wood Ave., Detroit, Mich. 

LAMB, GiLBERT C., Electrical and 
Structural Draughtsman, Connecti- 
cut River Transmission Co., Worces 
ter, Mass. 

LAMB, IRVING C., General Electric Co.; 
res., 243 No Menard Ave., Chicago, 
Ill. 

*LASSAFF, BENJAMIN W., 80 St. James 
Ave., Boston, Mass. 
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LiNsE, Ruporr, Electrical Superinten- 
dent, Power Station, Elektricitet- 
sverket, Malmo, Sweden. 

LOCKERT, WILBUR H., Assistant Engi- 
neer, Line Dept., Northern Ohio 
Traction & Light Co.; res., 88 Vesper 
St., Akron, O. 

*LOEBENSTEIN, JULIAN, Junior Elec. 
Engr., Public Service Commission, 
lst Dist.; res. 67 E. 84th St., New 
York, N. Y. 

Lowry, ERNEsT A., Chief Clerk, Elec- 
tric Dept., Board of Light and Heat 
Commission; res., 17 McTague St., 
Guelph, Ontario 

LUSTER, Eric W., Cadet Engineer, 
Public Service Electric Co.; res., 943 
N. Broad St., Elizabeth, N. J. 

LusTYK, FRANK JOHN, Electric Testing 
Dept., Eastman Kodak Co.; res., 43 
Kosciusko St., Rochester, N. Y. 

LYTLE, Bruce H., Electrical Engineer, 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 

Mackay, ROBERT, Superintendent, 
Electric Light Department, City Hall, 
Calgary, Alta. 

*MARKLAND, ALBERT R., Special Ap- 
prentice, Pennsylvania Railroad Co.; 
res., 2211 Broad Ave., Altoona, Pa. 

Макен, J. D., Testing and Research, 
Westinghouse Elec. & Mfg. Co., E. 
Pittsburgh; res., 724 Kelly St., 
Wilkinsburg, Pa. 

*MARX, ROLAND G., Student, Stanford 
University; res., 357 Kingsley Ave., 
Palo Alto, Cal. 

*Mavity, Victor T., Assistant Super- 
intendent, Electrical Dept., Rosario 
Mines, San Juancito, Honduras, C. A. 

*MavER, EDWIN C., Instructor in 
Physics, Cornell University; res., 
202 E. Buffalo St., Ithaca, N. Y. 

*MAYFORTH, JOHN HENRY, Mainte- 
nance Engineer, Eisemann Magneto 
Co., Brooklyn; res., Glen Cove, М. Y. 

McCarrL, JAMES F., Mechanical Supt. 
and Chief Engineer, Calgary Muni- 
cipal Power Department, City Hall, 
Calgary, Alta. 

McEvoy, WALTER, Engineer, with 
Walter Kidde, 140 Cedar St., New 
York, М. Y.; res., Keyport, М. J. 
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McNALLY, Jonn H., Smoke Inspector, 
Philadelphia Bureau of Boiler In- 
spection, 305 City Hall, Philadel- 
phia, Pa. 

McNaucHTON, JOHN R., Treasurer, 
McNaughton-McKay Electric Co.; 
res., 147 Atkinson Ave., Detroit, Mich. 

“Мені, BERNHARD MARTIN, Meter 
Dept., Pacific Gas & Electric Co., 
1314 29th St., Sacramento, Cal. 

Міснетті, Octavio D., Lieutenant 
Engineer, Argentine Navy; res., 
Agrelo 3623, Buenos Aires, Argentine 
Republic, S. A. 

MiXsoN, ARCHIBALD M., Electrician, 
Charleston Consolidated Ry. & 
Lighting Co.; res, 23 Wall St., 
Charleston, S. C. 

Moopy, Monmnis R., General Inspector, 
Portland Eugene & Eastern Ry. Co.; 
res., 644 Everett St., Portland, Ore. 

MoonE, W. W., Chief Electrician, 
American Car & Foundry Co.; res., 
23 Pacifie Ave., Detroit, Mich. 

*MoRGAN, FRED, Resident Engineer, 
with Gardiner S. Williams; res., 417 
Thompson St., Ann Arbor, Mich. 

*MORNINGSTAR, B. FRANKLIN, Engr., 
Steam Dept., Cleveland Elec. Il- 
luminating Co.; res., 2200 Prospect 
Ave., Cleveland, O. 


Morrow, R. B., Electrical Engineer, 


Waneta Development Co., Ltd., 720 
Paulsen Bldg., Spokane, Wash. 

MORTENSEN, M. T., Chief Electrician, 
Michigan Steel Casting Co.; res., 
801 Dickerson Ave., Detroit, Mich. 

*MouLTON, V. C., Commercial En- 
gineer, I. & P. Dept., Westinghouse 
Elec. & Mfg. Co., E. Pittsburgh, Pa. 

*Murpny, Epwanp S., Engineer, Wag- 
ner Electric Mfg. Co.; res., 333 Van 
Dyke Ave., Detroit, Mich. 

MuznPHy, EUGENE B., Assistant Radio 
Engineer, Federal Telegraph Co., 
San Francisco; res. Burlingame, Cal. 

Murray, W. V., Construction Fore- 
man, General Electric Co., Tallulah 
Falls, Ga. 

Моті.вү, GEORGE, Electrical Inspector, 
City of Calgary Inspection Depart- 
ment; res., 306 14th Ave. E., Calgary, 
Alta. 
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Момазке, G. W., Electrician; res., 973 
Forest Ave. East, Detroit, Mich. 
Огѕом, R. F., Load Dispatcher, Port- 
land Railway, Light & Power Co.; 
res., 6903 59th Ave. S. E., Portland, 

Ore. 

Окситт, Guy H., Electrical Engineer, 
Michigan Alkali Co.; res., 74 Van 
Alstyne Blvd., Wyandotte, Mich. 

*PASHEK, ALBERT L., Electrical In- 
ventory Work, D. C. & W. B. Jack- 
son, Boston, Mass. 

PAYETTE, PHILIP L., Chief Electrician, 
Michigan Alkali Co.; res., 247 Second 
St., Wyandotte, Mich. 

PAYNE, Ковект T., Lock Operator, 
Gatun Locks, Panama Canal, Gatun, 
С. 2. 

Peck, D. L., Manager, Service Dept., 
A. T. Knowlson Co., 99 Congress 
St. East, Detroit, Mich. 

PENNIMAN, A. L., Jr., Acting Supt., 
Steam Stations, Consolidated Gas, 
Electric Light & Power Co., West- 
port, Md. 

PERKINS, HARRY S., District Manager, 
Elec. Ry. Improvement Co. of Cleve- 
land, 47 Park Place, Detroit, Mich. 

PETERSON, CARL J., Superintendent, 
Hydro-Electric Plants, Apple River 
Power Co., Somerset, Wis. 

PLASKO, JOHN G., Electrical Engineer, 
Parke Davis & Co.; res., 395 Mt. 
Clair Ave., Detroit, Mich. 

*Popp, С. M., Cost & Estimating, 
General Electric Co.; res., 24 Baker 
St., Lynn, Mass. 

POWERS, WALTER PALMER, Instructor 
of Electrical Engineering, University 
of Pittsburgh, Pittsburgh, Pa. 

*Prior, ALLEN A., Research Assistant, 
Massachusetts Institute of Tech- 
nology, Pierce Hall, Cambridge, Mass. 

Purpy, Harry, Chief Electrician, Con- 
tinental Motor Mfg. Co.; res., 36 
Coplin Ave., Detroit, Mich. 

“Рүвк, H. М. Assistant Professor of 
Engineering, Newberry College, 
Newberry, S. C. 

Pye, L. N., District Manager, West- 
inghouse Lamp Co., 1215 Dime 
Bank Building, Detroit, Mich. 
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RAMSAMI, S. M., Vema Lodge, Mallas- 
waram, Bangalore, India. 

*RANEY, E. C. General Manager, 
Automatic Reclosing Circuit Break- 
er Co., Columbus; res., Reynolds- 
burg, O. 

Катн, A. J., Asst. Chief Electrician, 


Packard Motor Car Co.; res., 570 
Fisher Ave., Detroit, Mich. 
*READY, LESTER S., Asst. Electrical 


Engineer, California Railroad Com- 
mission, 833 Market St., San Fran- 
cisco, Cal. 

КЕСЕК, HERBERT H., Lock Operator, 
Panama Canal, Gatun, C. Z. 

RICHARDS, WILLIAM А., Construction 
Supt., McNaughton McKay Electric 
Co., Windsor; res.. Walkerville, Ont. 

Кісн, В. C., Assistant Chief Electrician, 
Dodge Brothers; res., 946 Bellevue 
Ave., Detroit, Mich. 

Кіскуоор, HAROLD ARCHIBALD, Elec- 
trical Engineer, Pirelli General Cable 
Works Ltd., Southampton, England. 

ROACH, ARTHUR E., Sales Engr., Мс- 
Naughton-McKay Elec. Co., Wind- 
sor, Ont.; res., 175 Westminster Ave., 
Detroit, Mich. 

ROBINSON, E. W., Chief Electrician, 
Ford Motor Co. of Canada, Walker- 
ville, Ont.; res., 968 12th St., De- 
troit, Mich. 

ROBINSON, Gorpon L., Chief Elec- 
trician, Studebaker Corp., Plant No. 
1; res., 189 Hazelwood Ave., Detroit, 
Mich. 

*ROMMEL, WILLIAM C., Elec. Inspector, 
Electrical Bureau of Philadelphia; 
res., 1916 Montgomery Ave., Phila- 
delphia, Pa. 

*ROTHMALER,OSWALD, Junior Ry. Engr., 


Public Service Commission, New 
York; res., 1293 Bergen St., Brook- 
lyn, N. Y. 


Rover, J. E. E., Operating Engincer, 
Washington Water Power Co., Spo- 
kane, Wash. 

RuporrH, J. M., Superintendent, Police 
Control, City of Calgary Light De- 
partment, Calgary, Alta. 

RuETSCHI, HERM. AbD., Local Manager, 
Central Iowa Light & Power Co., 
609 Central Ave., Ft. Dodge, Iowa. 
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RUTTER, А. A., Salesman, Wagner Elec- 
tric Mfg. Co., 1253 Woodward Ave., 
Detroit, Mich. 

*SAMUELS, IRVING, Engineer of Distri- 
bution, Lehigh Valley Light & Power 
Co., 542 Hamilton St., Allentown, Pa. 

*SAUNDERS, Harry O., Toll Plant En- 
ginecr, Illinois Division, Central 
Union Tel. Co., Reisch Bldg., Spring- 
field, Ill. 

*SAVANT, D. P., Transformer Engineer, 
Duncan Elec. Mfg. Co., Lafayette, 
Indiana. 

SEGUIN, Louis Z., Chief Electrician, 
American Blower Co.; res., 81 Pol- 
lard St., Detroit, Mich. 

SHAW, H. J., Sales Engineer, W. С. А. 
Reid Co., 17 Washington Blvd., De- 
troit, Mich. 

SHAW, FRANCIS ROBERT, Switchboard 
Operator, Public Service Electric Co.; 
res., 32 Bank Place, Plainfield, N. J. 

SIRNIT, J. A., Electrical Engineer, Ala- 
bama Powcr Co., 940 Brown-Marx 
Bldg., Birmingham, Ala. 

SMITH, JOHN R., Consulting Engineer, 
Doyle & Patterson; гев., 732 Sher- 
wood Drive, Portland, Ore. 

*SNOW, WILBER R., Pacific Gas & Elec- 
tric Co., Napa, Cal. 

SPAULDING, J. G., Electrical Contractor, 
248 Michigan Ave.; res., 814 Ferry 
Park Ave., Detroit, Mich. қ 

*SHAPER, SAMUEL R., Electrical Drafts- 
man, with Charles T. Main, First 
National Bank Bldg., Great Falls, 
Mont. 

STEED, RICHARD L., Erecting Engineer; 
res., 1593 Canton Ave., Detroit, 
Mich. 

*STEEPER, T. P., Electrical Engineer, 
Trumball Public Service Co., Elec- 
tric Block, Warren, Ohio. 

STEINMETZ, Екер E., Dept. Foreman 
Electrician, Anderson Elec. Car Co.; 
res., 461 Wabash Ave., Detroit, Mich. 

*STEMMONS, BEVERLY L., Assistant 
Consulting Engineer, General Elec- 
tric Co.; res., 332 Paige St., Schenec- 
tady, N. Y. 

STEVENS, CHARLES T., Electrician, 
Hupp Motor Co., Detroit; res., 19 
James St. E., River Rouge, Mich. 
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*STINER, Н. Wray, Section Head of 
Transformer Test, General Electric 
Co.; res., 68 Burbank St., Pittsfield, 
Mass. 

*STOTTLER, MALCOLM WARREN, Ap- 
prentice, Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 

SUTHERLAND, WM. J. K., Electric Forc- 
man, Rochester Railway & Light Co., 
Station No. 3, Rochester, N. Y. 

"TAYLOR, RICHARD SALMON, Engineer- 
ing Assistant, Engincering Dept., 
New York Telephone Co., 15 Dey 
St., New York, N. Y. 

TEN Brook, RICHARD W., Electrician, 
168 Kenelworth Ave., Detroit, Mich. 

TERRY, CHARLES W., Manager, Detroit 
Office, Electric Storage Battery Co., 
722 Ford Bldg., Detroit, Mich. 

TIEMANN, WILLIAM O., Superintendent, 
John D. Templeton Co.; res., 9 
David St., Detroit, Mich. 

"TRIPPLE, GEORGE, Industrial and 
Power Sales Dept., Westinghouse 
Electric & Mfg. Co., E. Pittsburgh, Pa. 

"TURNER, FLoyp F., Meter Dept., 
Carolina Power & Light Co., Raleigh, 
N. C. 

TURNER, WALDso, Vice-President, Iron 
City Engineering Co., 1115 Dime 
Bank Bldg., Detroit, Mich. 

*Vipro, Epwarp F., Representative, 
Electrical Controller & Mfg. Co., 
Cleveland, O.; res., 3633 McClellan 
Ave., Detroit, Mich. 


VooRHESs, CHARLES R., In charge of 
hydro-electrical work, Henry Ford 
Farms, Dearborn, Mich. 


WALTHALL, O. A., District Agent, San 
Joaquin Light & Power Corp., Mc- 
Farland, Cal. 

"WARNER, RUSSELL A., In charge of 
testing electrical machinery, General 
Electric Co., Schenectady, N. Y. 

*WEIL, MAHLON S., Cadet Engineer, 
Operating Dept. (Elect.), Northern 
Indiana Gas & Electric Co., Ham- 
mond, Ind. 


WHITE, DARYL ELLIOT, Salesman, Ry. 
& Lighting Dept., Westinghouse Elec. 
& Mfy. Co., Alaska Bldg., Seattle, 
Wash. 
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White, L. R., Asst. Elec. Engr., Chi- 
cago Association of Commerce, 1338 
Peoples Gas Bldg., Chicago, Ill. 

*WiLcox, LESLIE WILLIAM, Appren- 
tice, St. Paul Gas Light Co.; res., 
115 W. Robie St., St. Paul, Minn. 

*WILKINSON, KENNETH L., Engineer- 
ing Dept., American Telephone & 
Telegraph Co., 15 Dey St., New 
York, N. Y. 

WILLIAMS, E. H., Electrical Construc- 
tion Foreman, Southern Sierras Power 
Co., Riverside; res., Halleck, Cal. 

WILSHER, ERNEST HENRY, Chief Elec- 
trician, Dodge Brothers; res., 1420 
Brush St., Detroit, Mich. 

*WiNES, HAROLD D., Instructor in 
Electrical Enginecring, University of 
Michigan, Ann Arbor, Mich. 

WisE, C. E., District Manager, Cutter 
Electrical and Mfg. Co., 427 Ford 
Bldg., Detroit, Mich. 

YEAGER, WELDY S., Foreman, Stani- 
slaus Power House, S. & S. F. Pr. 
Co., Stanislaus, Cal. 

*YERKES, EARLE P., Specification Writ- 
er, Bell Telephone Co. of Penna., 
lith & Filbert Sts., Philadelphia, Pa. 

YORKE, LAYTON РАЕк, Wiring Inspec- 
tor, City Electric Light Dept., Ed- 
monton, Alberta. 

Үосхо, С. A., System Operator, Wash- 
ington Water Power Co.; res., 2027 
Mansfield Ave., Spokane, Wash. 

*Former enrolled Students. 

Total 192 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 


. dates for election to membership in the 


Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before February 28, 1915. 


Aime, F. L., Pittsburgh, Pa. 
Arnold, F. J., Chicago, Ill. 
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Axell, C. G., Chicago, Ill. 

Baker, J. S., Chicago, Ill. 
Baugher, E. J., Wheeling, W. Va. 
Berg, L., Minneapolis, Minn. 
Bigelow, C. H., Millville, N. J. 
Blake, A. D., New York, N. Y. 
Boggs, C. E., Summerville, Ore. 
Booth, J. B., Norfolk, Va. 
Brown, J. W., E. Pittsburgh, Pa. 
Brown, R. 5., Redding, Cal. 


Browning, С. J., Wappingers Falls, N.Y. 


Brumhall, J. H., Boone, Ia. 

Bryan, H. C., Ft. Wayne, Ind. 
Burleigh, A. C., Leetsdale, Pa. 
Burnett, J. L., Ft. Wayne, Ind. 
Cadwallader, J. A., Philadelphia, Pa. 
Campbell, E. E., Chicago, Ill. 
Clement, L. M., Kahuku, T. H, 
Coup, F. T., Chicago, Ill. 

Creecy, C. E., Baltimore, Md. 
Crowe, J. W., Baker, Ore. 

Curtis, A. M., New York, N. Y. 
Curtis, M., Butte, Mont. ° 
Dallis, P. A. (Member), Atlanta, Ga. 
Dalton, W. J., Detroit, Mich. 

Daly, R. J., Philadelphia, Pa. 
Douglass, F. S., Indianapolis, Ind. 
Falloon, E. J., Salt Lake City, Utah. 
Fitzgerald, T. W., Tucson, Ariz. 
Fish, J. A., Gadsden, Ala. 
Frankenberry, T. H., Raleigh, N. C. 


Freygang, W.H., Long Island City,N.Y. 


Garrctt, A. M., Chicago, Ill. 
Goebel, К. C., Minneapolis, Minn. 
Gordon, C. S., San Antonio, Tex. 
Hale, B. K., Columbus, Ohio. 
Haraguchi, T., Schenectady, N. Y. 
Harrington, C. А., Youngstown, O. 
Harth, L., Lac du Bonnet, Man. 


Hatcher, C. K., Snoqualmie Falls, Wash. 


Herault, P. C., Lindale, Ga. 
Heybrock, E., Chuquicamata, Chile 
Hirsch, G. (Fellow), Columbus, O. 
Hoxie, C. A., Schenectady, N. Y. 
Isaacs, W. F., Lawrence, Mass. 
Jinguji, G., Schenectady, №. Y. 
Johnston, V. G., Morganton, N. C. 
Josselyn, B. S., Jr., Chicago, Ill. 
Kessler, R., Hartford, Conn. 
Kimbell, C. L., Philadelphia, Pa. 
Klippel, W. P., Ft. Wayne, Ind. 


Koppel, J. G., бай с Ste. Marie, Mich. 
Langley, G.R.(Member),Peterboro,Ont. 
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Lee, C. M., New York, N. Y. 
Loewenstein, L.C. (Fellow), Lynn, Mass. 
Lougee, М. А., Schenectady, М. Y. 
Lowry, H. K., Chicago, Ill. 

Lush, A., Canterbury, N. Z. 
MacIntosh, R. J., Atlanta, Ga. 
Mackay, W. C., Anaconda, Mont. 
Meston, А. F.. New York, N. Y. 
Meyers, J. F., Chicago, Ill. 
Monkhouse, A., Moscow, Russia. 
Moore, E. T. (Member), Syracuse, N.Y. 
Moore, W. J., Lockport, Ill. 
Morrison, D. P., Pittsburgh, Pa. 
Nicholson, C. L., Toronto, Ont. 
Olson, M. С., Schenectady, М. Y. 
O'Neal, J. P., E. Pittsburgh, Pa. 
Ottmer, H. G., Ann Arbor, Mich. 
Paulsel, F. F., Noblesville, Ind. 
Pontecorvo, L. (Member), Vado, Italy. 
Press, E. E.. Johannesburg, S. A. 
Ransdall, R. A., San Francisco, Cal. 
Read, E. K., E. Pittsburgh, Pa. 
Richardson, H. J., Chicago, Ill. 
Rous, C. C., Toronto, Ont. 
Sanborn, G. M., New York, N. Y. 
Semmes, L. D., Madison, Ark. 
Skidmore. E. W., Lawrenceburg, Tenn. 
Slater, J. H., Emeryville, Cal. 

Stahl, C. R., Stotesbury, W. Va. 
Stevenson, Е. E., Los Angeles, Cal. 
Sticht, A. E. J., Troy, М. Y. 

Straw, J. B., Philadelphia, Pa. 
Sutil, R. E., Santiago, Chile. 
Sykes, C. S., Philadelphia, Pa. 
Tuttle, R. E., Springfield, Mass. 
Walters, J. N., New York, N. Y. 
Walton, J. N., Pittsfield, Mass. 
Wilder, H. C., Malone, N. Y. 
Williams, L. C., San Francisco, Cal. 
Williamson, A. G., Pittsburgh, Pa. 
Williamson, B. A., Los Angeles, Cal. 
Wood, D. C., Chicago. Ill. 

Yates. J. E., Portland, Ore. 

Total 98. 


Students Enrolled January 
8, 1915 


7029 Mori, М. R., Univ. of Washington. 
7030 Bracken, J. L., Yale University. 
7031 Schlotzhauer,H.A.,Jr.,Yale Univ. 
7032 Haines, K. B., Yale University. 
7033 Slade, H. L., Jr., Yale University. 
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7034 
7035 
7036 
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Schuler, L. L., Lewis Institute. 
Schmidt, R.L., Univ. of Rochester. 
Tafel, R. E., Purdue University. 


7037 Jacoby, A. B., Purdue University. 


7038 
7039 
7040 
7041 
7042 
7043 


. 7044 


7045 
7046 
7047 
7048 
7049 
7050 
7051 
7052 
7053 
7054 
7055 
7056 
7057 
7058 
7059 
7060 
7061 
7062 
7063 
7064 
7065 
7066 
7067 
7068 
7069 


Coffin, A. A., Univ. of Alabama. 
Browning, S. D., Univ. of Calif. 
Daw, A. H., Colorado College. 
Smith, E. B., Washington St. Coll. 
Wieseman, R. W., Lehigh Univ. 
Fuller, C. W., Univ. of Rochester. 
Vitzthum, H. L., Lehigh Univ. 
Bunker, F. L., Clemson College. 
Benjamin, R. N., Clemson College 
Ward, J., Clemson College. 

Berly, G. E., Clemson College. 
Bennett, C. G., Clemson College. 
Stewart, R. B., Clemson College. 
Barnett, М. S., Clemson College. 
Edmonds, M., Clemson College. 
Burnett, G. N., Clemson College. 
Blake, W. E., Clemson College. 
Buyck, D. D., Jr., Clemson Coll. 
jackson, O. E., Univ. of Minn. 
Garvey, W. S., Univ. of Minn. 
Adler, E. H., Univ. of Minn. 

Robertson, B. J., Univ. of Minn. 
Johnson, E. W., Univ. of Minn. 
Jones. G. R., Univ. of Minn. 


Dunham, R. O., Univ. of Minn. 
Elliott, A. D., Univ. of Minn. 
Johnson, C. J., Univ. of Minn. 
Harris, H. R., Univ. of Minn. 
Shaver, J. H., Pratt Institute. 
Gliddon, G. H., Univ. of Roch. 
March, S. А., Lewis Institute. 


Heston, À. O., Okla. A. & M. Coll. 


7070 
7071 
7072 
7073 
7074 
70%5 
7076 
7077 
7078 
7079 
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Lewis, C. W., Okla. A. & M. Coll. 
Wright, H.M., Okla. A. & M. Coll. 
Corbin, B. O., Okla. A. & M. Coll. 
Mayo, H. J., Univ. of California. 
Jain, R. S., Univ. of Illinois. 
Munson, C. H., Univ. of Roch. 
Hervey, W. K., Kans. St. A. Coll. 
Raub, E. S., Carnegie Inst. Tech. 
Moore, A.D., Carnegie Inst. Tech. 
Adolfzen,S. W., CarnegieInst. Tech. 


7080 Gumbart, H.E.,CarnegieInst. Tech. 


7081 
7082 
7083 
7084 
7085 
7086 
7087 
7088 
7089 
7090 
7091 
7092 
7093 
7094 
7095 
7096 
7097 
7098 
7099 
7100 
7101 
7102 
7103 
7104 


Wildberg,L.K.,CarnegieInst.Tech. 
Tilbrook,G.L.,Carnegie Inst. Tech. 
Forty, F. A., Univ. of Illinois. 
Wuichet, R. P., Ohio St. Univ. 
Swigart, J. K., Ohio St. Univ. 
Anglemyer, W. J., Ohio St. Univ. 
Slek, H. G., Ohio State Univ. 
Pavey, C. C., Ohio State Univ. 
Wade, H. R., Univ. of Kansas. 
Ward, A. L., Univ. of Toronto. 
Dupuy, А. E., Colo. St. Agri. Coll. 
Leith, R. E., Univ. of Washington. 
Yoshioka, M., Univ. of Wash. 
Moore, C. E. Tufts College. 
Hess, А. F., Lehigh University. 
Markowitz, J., Yale University. 
Fittz, R. U., Tufts College. 
Tinch, H. H., Univ. of Pittsburgh. 
Wassuman, M. S., Univ. of Pitts. 
Barrer, С. A., Armour Inst. Tech. 
Eliott, V. D., Throop College. 
Balmford, Т. A., Columbia Univ. 
ҒаШа, G., Columbia University. 
Frey, E. R., Lehigh Univ. 


Total 76. 
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EMPLOYMENT DEPARTMENT 


Nore: Under this heading brief announcements (not more than 50 words in 
length) of vacancics, and men available, will be published without charge to mem- 


bers. 


Secretary's office prior to the 20th of the month. 


Copy should be prepared by the member concerned and should reach the 


Announcements will not be re- 


peated except upon request received after an interval of three months; during this 


period names and records will remain in the office reference files. 


All replies should 


be addressed to the number indicated in each case. and mailed to Institute head- 


quarters. 


The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 

V-57. District representative want- 
ed in onc of the large Middle West cities 
to handle steam turbine account. Ар- 
plicant must have had experience in 
steam engineering practise, and the 
application. of turbines, turbo-pump 
sets, turbo-generator sets and turbo- 
blower sets, and the sales ability neces- 
sary to the successful handling of the 
account. 


Mem Available 

180. Electrical Engineer. Univer- 
sity training. age 28. Six years con- 
struction work, transmission lines and 
power-house equipment; three vears 
superintendent with mining company 
using d-c. and storage battery locomo- 
tives for haulage, and a-c. motors for 


hoists. Would like similar position 
with mining company. Distance no 
object. 

181. "Technical graduate desires posi- 


tion with public utilities company as 
sales manager or power salesman. Has 
recognized ability and established rep- 
utation іп this line of work.  Tho- 
roughly familiar with cost of power and 
uses of central station service in all 
branches of the industry. Location 
East or South preferred. ° 


182. Electrical-Nechanical Engi- 
neer. Аре 32. Twelve years practical 
experience in charge of construction, 
operation and maintenance of steam 
and hvdroelectric power plants, high- 
tension systems, machinery shops, aerial 
tramways, all classes mining and mill- 
ing machinery repairs. Speak Spanish. 
Desire position in charge of electrical, 
mechanical or construction work. Will 
go any where. 


183. Draftsman, with fifteen years 
experience in the design of direct- and 


alternating-current machines. En- 
gaged at present desire change. 

184. Electrical Engineer. Grad- 
uate 1914; with shop experience. De- 


sires position with reliable manufac- 


turing or commercial firm. Salary no 


object. 

185. Electrical Engineer. Age 27. 
Five years varied expericnce with manu- 
facturing and power companies. De- 
sires opportunity in engineering or 
construction with contracting or power 
company; capable of taking charge of 
medium-size system. Good draftsman. 
At present employed as construction 
foreman for large company. — At liberty 
Мау 1. 

186. Superintendent of Construc- 
tion. Specialist in installing hydro- 
electric equipment. Twenty vears' ex- 
perience; fifteen years іп Latin-Ameri- 
can countries. Capable of taking charge 
of installation of power-house ma- 


chinery, substation and transmission 
line work. Speak Spanish. Preter- 
ence southern countries. 

187. Electrical Engineer. Grad- 


uate of Univ. of Michigan, 1914. Age 
27. Now teaching іп an engineering 
college. Desires position with electric 
railway or in electrical department of 
steam railway. 

188. Electrical Engineer, Univ. of 
Wisconsin, 1908, B. S. E. E. One 
year electrical inspection, two years 
General Electric test, four years in 
charge of 25,000-k w. hydro-electric sta- 
tion. Desires position with electrified 
steam road, large interurban system, or 
power company. Married and now 
employed, but can leave on short notice. 

189. Designing Engincer, technical 
graduate, desires position. Eleven 
years experience covering generation, 
transmission and application of electric 
power with manufacturing, electric 
railway, power and irrigation companies 
and consulting engineering firm. Mem- 
ber A. I. E. E. 

190. Electrical Engineer, technical 
graduate. Three years’ experience in 
charge of testing laboratory of large 
light and power company, general 
engineering, drafting, estimating, in- 
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ventory and appraisal work with gas 
and electric company; isolated plant ex- 
perience. Prefer position with traction 
company in Middle West, but will con- 
sider anything. Salary very moderate, 


101. Electrical Engineer, technical 
graduate. Fifteen years practise, prin- 


cipally as manager and superintendent 
of electric departments of large steel, 
copper and cement companies, At pres- 
ent employed; leave оп reasonable 
notice. Good salary expected. Mem- 
ber A. I. E. E., Assoc. Mem. А. 5. С. E. 


192. Engineer. Electrical graduate 
with six years experience designing and 
constructing electrical distributing ap- 
paratus, wiring, inspection of installa- 
tions, operation of all types of electrical 


machinery. Age, 29. Middle West 
preferred. 
193. Superintendent and Engineer. 


Technical education; age 40; married. 
Superintendent and епріпсег for large 
telephone company for twelve years. 
Electric light plant experience and some 
factory, as well as sales experience. 
Especially capable of handling men on 
construction and maintenance work to 


economically produce results. Tem- 
perate and absolutely reliable. 
194. Electrical Engineer. Young 


man, technical graduate, with seven 
months drafting and three and a half 
years commercial experience, is seeking 
position, in commercial department 
preferred. Has held responsible розі- 
tion. 


195. Electrical Engineer. Grad- 
uate western university 1912. Desires 
position where experience in different 
classes of work may be obtained. 
Valuation experience; electrician on 
hydro-electric construction; operating 
hvdroelectric plant. At present em- 


ployed. 

196. Electrical- Mechanical Епрі- 
певт. Graduate; age 30. Теп years’ 
experience covering drafting, layout 
of all types of plants, installation. Past 


three years superintendent for electrical 
contracting firm, estimating and install- 
ing. Wide experience in motors and 
generators. Prefer position in Canada. 

197. Electrical Engineer. Grad- 
uate; age 27; married. Two years’ 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

American Gas Light Journal vol. 1; vol. 2, nos. 
13-14, 16-36; vol. 3, nos. 37-53, 56-60. 
New York, 1859-62. (Purchase.) 
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experience with a-c. and d-c. motors in 
manufacturing. testing, drafting and 
оћсе work. At present employed de- 
signing automatic machinery. 


198. Electrical Engineer, Techni- 
cal education; арс 28. Desires connec- 
tion with central station company in 
commercial department or as salesman 
with manufacturer. Several years’ ex- 
perience. Year and a half with Chicago 
Edison Co. in commercial dept. Ға- 
miliar with estimates, rates, reports, 
illumination, etc. Possesses executive 


ability. Energetic and of good рег- 
sonality. 
199. Electrical Engineer. Techni- 


cal education; age 26. Three years’ 
experience in design, construction and 
operation of power plants, substations 
and transmission lines; two and a half 
years’ experience on steam railway 
electrification project in calculation of 
electric energy requirements and de- 
sign of transmission lines, substations, 
power houses and determination of 
other requirements. 


200. Electrical Engineer. Techni- 
cal graduate; age 32. Теп years’ 
experience in operation, design and con- 
struction of power plants and trans- 
mission systems. Three and a half 
years chief draftsman large hydro- 
electric development on Pacific Coast. 
Desires position as office or field en- 
gineer, or superintendent light and 
power company. 


201. Technical Graduate Age 27. 
T wo years testing engineer, three years 
Station construction and engineering 
work for electric traction and light com- . 
pany. Experienced in planning new 
and repair work. Desires position 
with construction or operating com- 
pany. 


202. Electrical Engineer, married, 
graduate of Eastern University. Has 
had 10 years' experience testing elec- 
trical apparatus for the market, also 
2j years in experimental laboratory. 
Prefers Eastern location with consult- 
ing or designing engineer, but is open 
to any reasonable offer. Best of refer- 
ence furnished; can accept position at 
once. 


On the Convection of Heat from Small Cylinders 
in a stream of fluid: determination of the 
convection constants of small platinum 
wires with applications to hot-wire anemom- 
etry. By L. V. King. (From Philosophical 
Transactions of the Royal Society of London. 
Ser. А., vol. 214. p. 373-432.) (Gift of 
author.) 
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Electric Traction Weekly. vol. 2, nos. 25-29; 
vol. 3, nos. 2-3, 6-10, 12, 15; vol. 6, nos. 3, 
19. Cleveland, 1906-07, 1910. (Purchase.) 

Electrical Age. vol. 4, nos. 1-3, 6-24; vol. 5, nos. 
1-5, 7-24; vol. 12, nos. 1, 3, 5-6; vol. 15, nos. 
7, 14; vol. 23, nos. 21-23; vol. 24, no. 27; 
vol. 25, no. 13; vol. 27, по. 18. New York, 
1886-88, 1893, 1895, 1899, 1900, 1901. (Pur- 
chase.) 

Electrical Record. vol. 
1908. (Purchase.) 

Die elektrische Kraftübertragung. By Herbert 
Kyser, Berlin, 1914. (Purchase.) 

Field Practice, an Inspection Manual for Prop- 
erty Owners, Fire Departments and In- 
spection Officers. Boston, National Fire 
Protection Association, 1914. (Gift of Pub- 
lishers.) Price $1.50. 

If it is true as has been stated recently, that 
the fire losses in the United States have been 
great enough to more than pay for the Panama 
Canal, all attempts to prevent this alarming 
waste should be welcomed. Successful fire pre- 
vention is almost entirely dependent on adequate 
inspection. This official handbook summarizes 
in the most practical way the practice of in- 
spection. It treats of fire hazards, and of fire 
protection, including automatic sprinkler іп- 
stallations. Its handy pocket form and good 
index add to its value as a working tool. W. Р. С. 


Industrial Arts Index, 1914. White 
N. Y., 1914. (Exchange.) 

International Catalogue of Scientific Literature. 
12th Annual Issue. A—Mathematics; C— 
Physics, London, 1914. (Gift of Е.О. Adams) 

Journal de Chimie. Physique. vol. 3, Geneve, 
1905. (Purchase.) 

Journal Telegraphique. vol. 24, nos. 2-12. Berne, 
1900. (Purchase.) 

Mechanical Design and Construction of Genera- 
tors. By R. Livingston. London, 1914. 
(Purchase.) 

Municipal Journal & Engineer. (Formerly City 
Government.) vol. 2, 3, 5, 6; vols. 10, nos. 
1, 4-5. New York, 1896-7, 1898-99, 1901. 
(Purchase.) 

National Electric Light Association. New Eng- 
land Section. Proceedings. 1909-10, 1910-11. 
Boston, 1910-11. (Purchase.) 

Progressive Age. vol. 2, Phil., 1884. (Purchase.) 

Public service. vol. 10, nos. 1-2; vol. 11, no. 4; 
vol. 12, no. 6; vol. 13; vol. 14, nos. 1-3. 
Chicago, 1911-1913. (Purchase.) 

Revue Internationale de l'Electricité. Year 1, 
nos. 1-4; Year 2, no. 10; Year 3, nos. 25, 36; 
Year 4, no. 50. Paris, 1885-1888. (Purchase.) 

Royal Institution of Great Britain. Quarterly 
Journal of Science. vols. 13, 24-27, 29. 
London, 1822, 1827-30. (Purchase.) 

Royal Society of Edinburgh. Proceedings vols. 
12-14, vol. 16, p. 693-772; vol. 22. Edin- 
burgh, 1884-88, 1900. (Purchase.) 

Société Belge d'Electriciens. vol. 1, nos. 1, 3, 4; 
vol. 2, nos. 1-3, 5-10; vol. 3, nos. 2-5, 7, 10. 
Bruxelles, 1884-86. (Purchase.) 


3, no. 6. New York, 


Plains, 
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Society of Arts. Journal. vol. 32, London, 1884. 
(Purchase.) 

Society of Chemical Industry. Proceedings of 
First General Meeting, 1881. Manchester, 
1881. (Purchase.) 

Society of Engineers in the University of Min- 
nesota. Yearbook 1892-93, 1893-94. Minne- 
apolis, 1893, 1895. (Purchase.) 

La Soudure Electrothermique. By Jean Escard. 
n.p. n.d. (Purchase.) 

Southern Electrician vol. 6, nos. 2-3. Charlotte, 
N. C., 1908. (Purchase.) 

Southwestern Electrical & Gas Association. 
Annual Convention 9th, 1913. (Exchange.) 

Street Railway Journal vols. 1-4; vol. 6, no. 6. 
New York, 1554-858, 1890. (Purchase.) 

Street Railway Review. vol. 16, no. 5. Chicago, 
1906. (Purchase.) 

Telephony. vol. 19, nos. 1-3, 5-11, 13-15, 17-18. 
Chicago, 1910. (Purchase.) 

U. S. Interstate Commerce Commission. Ánnual 
Report 25th, 1914. Washington, 1014. 
(Exchange.) 

Verband Deutscher Elektrotechniker. Mitglied- 

er-Verzeichnis Aug. 1914. n.p. (Gift of 

Verband Deutscher Elektrotechniker.) 

Bericht uber die Jahresversammlung, May 

20, 27, 1914. Berlin, 1914. (Gift of Verband 

Deutscher Elektrotechniker.) 

Yale Scientific Monthly. vol. 3, nos. 3, 7; vol. 
6, nos. 4-7, 9; vol. 7, nos. 3-4, 6-9; vol. 8, 
nos. 1, 3, 5-9. New Haven, 1896-97, 1900-02. 
(Purchase.) 


TRADE CATALOGUES 


Goldschmidt Thermit Co. New York City. 
Reactions. vol. 7, no. 4, 1914. 

Bierman-Everett Foundry Co.. Newark, N. J. 
Fountain boxes and conduit fittings for 
the electrical trades. 1914. 

Archbold-Brady Co. Syracuse, N. Y. Steel 
transmission structures and catenary bridges. 
32 pp. 1914. 

General Electric Co. Schenectady, N. Y. Bull. 

no. 45602. Lightning arresters for series 

lighting circuits. Dec. 1914. 

G-E. Electric fans. 19 pp. 1915. 

Philadelphia Electric Co. Philadelphia, Pa. 
Bulletin. Dec. 1914. 

Western Electric Co. New York City. Electrical 
Supply Year Book. 1915. 24+ 1216 pp. 


UNITED ENGINEERING SOCIETY 


Architectural Pottery. By Leon Lefevie, trans- 
lated from the French by K. H. Bird, and 
W. M. Binns. London, 1900. (Purchase.) 

Bibliographie der Deutschen Zeitschriften Litera- 
tur. Beilage band VI. Band XXIV А. 
Leipzig, 1914. (Purchase.) 

Bone Products and Manures. By Thomas Lam- 
bert. Loadon, 1913. (Purchase.) 

Chemistry of Dye-stuffs. By Georg von Georgi- 
evics. London, 1903. (Purchase.) 

Coal Tar Distillation and Working up of Tar 
Products. By Arthur R. Warnes. New 
York, 1914. (Purchase.) 
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Drying by Means of Air and Steam. Ed. 2. 
By E. Hausbrand, translated from the Ger- 
man by А. C. Wright. London, 1912. (Pur- 
chase.) 

Handbook to the Technical and Art Schools 
and Colleges of the United Kingdom. Lon- 
don, 1909. (Purchase.) 

Industrial Arts Index. Second Annual Cumula- 
tion, 1914. White Plains, N. Y., 1914. (Pur- 
chase.) 

Ink Manufacture. Ed. 2. By Sigmund Lehner. 
London, 1914. (Purchase.) 

Manufacture of Alum and the Sulphates and 
other Salts of Alumina and Iron. By Lucien 
Geschwind, translated from the French by 
Chas. Salter. London, 1901. (Purchase.) 

Michigan Engineering Society (formerly Michi- 
gan Association of Surveyors & Civil En- 
gineers) Proceedings of Annual Meetings. 
1-3, 5, 7-8, 10-16, 19-22, 24-25, 27-34. v.p. 
1880-82, 1884, 1886-87, 1889-1895, 1898- 
1901, 1993-04, 1906-14. (Gift of Michigan 
Engineering Society. 

Mineral Waxes, their preparation and uses. By 
Rudolf Gregorius, translated from the Ger- 
man by Chas. Salter. London, 1908. (Pur- 
chase.) 
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International Encyclopaedia. vols. 7-8. 
New York, 1914. (Puichase.) 


Is Railroad Regulation Becoming Strangula- 
tion? By I. L. Lec. Address before High- 
land Park Church, Men's League. New 
Brunswick, М. J.. Nov. 20, 1914. (Gift of 
Faitfax Harrison.) 


Railways and Prosperity. Addiess by W. С. 
Harding, at the annual dinner of the Rail- 
way Business Association, Dec. 10, 1914. 
(Gift of Fairfax Harrison.) 


Safety Rules. The Metropolitan West Side Ele- 
vated Railway, Northwestern Elevated Rail- 
road, South Side Elevated Railroad, Chicago 
and Oak Park Elevated Railroad. n.p. n.d. 
(Gift of Northwestern Elevated Railroad Co.) 


New 


A Statesman's Opportunity. An address before 
the Railway Business Association, New 
York, Dec. 10, 1914. By Fairfax Harrison. 
(Gift of Fairfax Har.ison.) 


Water Terminal and Transfer Facilities. Letter 
from the Acting Secretary of War. (U. S. 
House of Representatives, 63d Congress, 1st 
session, document no. 226.) Washington, 
1913. (Gift of Thos. G. Patten.) 
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; OFFICERS AND BOARD OF DIRECTORS, 1914-1915 


PRESIDENT. 


(Term expires July 31, 1915.) 
PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1915.) 
RALPH D. MERSHON. 


(Term expires July 31, 1916.) 
C. O. MAILLOUX. 


VICE-PRESIDENTS. 


(Term expires July 31, 1915.) 
J. A. LIGH THIPE. 

H. H. BARNES, JR. 

C. E. SCRIBNER. 


(Term expires July 31, 1916.) 
F. S. HUNTING. 

N. W. STORER. 

FARLEY OSGOOD. 


Р MANAGERS. 
(Term expires July 31, 1915.) (Term expires July 31, 1916.) (Term expires July 31, 1917.) 
COMFORT A. ADAMS. H. A. LARDNER. FREDERICK BEDELL. 
J. FRANKLIN STEVENS. В. A. BEHREND. BANCROFT GHERARDI. 
WILLIAM B. JACKSON. PETER JUNKERSFELD. А. S. McALLISTER. 
WILLIAM McCLELLAN. L. T. ROBINSON. JOHN H. FINNEY. 
TREASURER. (Term expires July 31, 1915.) SECRETARY. 


GEORGE A. HAMILTON. 


HONORARY SECRETARY. 
RALPH W. POPE, 


F. L. HUTCHINSON. 


LIBRARIAN. 
W.P.CUTTER. 


GENERAL COUNSEL. 
PARKER and AARON, 
52 Broadway, New York. 


PAST-PRESIDENTS.— 1884-1914. 


*NORVIN GREEN, 1851-5-6. 
*FRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1557-8. 
EDWARD WESTON, 1858-9. 

ELIHU THOMSON, 1559-00. 
*WILLIAM А. ANTHONY, 1590-91. 


ALEXANDER GRAHAM BELL, 1591-2. 


FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER. 1507-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 


* Deceased. 


CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1012-13. 

C. Ө. MAILLOU XN, 1913-14. 
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STANDING COMMITTEES 


Revised to February 1, 1915 


EXECUTIVE COMMITTEE. 
P. M. Lincoln, Chairman, 
W. E.and М 
C. А. Adams, š 
H. H. Barnes, Jr., William McClellan, 
B. A. Behrend, N. W. Storer. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1326 Chestnut St., Philadelphia, Pa. 
Н. Н. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, 
1984 Schermerhorn St., Brooklyn, М. Y. 
Harold Pender, 


B. Gherardi, 
F. L. Hutchinson. W. I. Slichter. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman. 


Hamilton. 


General Electric Company, Schenectady, N. Y. 


L. W. Chubb, J. C. Reed, 
E. Е.Е. Creighton, D. B. Rushmore, 
А. F. Ganz, C. E. Scribner, 


Dugald C. Jackson, 


Clayton H. Sharp. 
William B. Jackson, 


Charles P. Steinmetz, 


V. Karapetoff, H. G. Stott, 

S. M. Kintner, Wilfred Sykes, 
С. S. McDowell, P. H. Thomas, 
H. H. Norris, J. B. Whitehead. 


EDITING COMMITTEE. 
H. H. Norris, Chairman, 


239 West 39th St., New York. 
M. G. Lloyd. W. S. Rugg. 
А. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman, 
165 Broadway, New York. 
Philander Betts, А. S. McAllister, 
Henry Floy, John B. Taylor. 


‘ pompan: East Pittsburgh, Pa 


SECTIONS COMMITTEE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa 
Frederick Bedell, W. A. Hall, 
H. W. Flashman, F. D. Nims, 
Charles F. Scott, 
and the chairmen of all Institute Sections. 


STANDARDS COMMITTEE. 


А. B Kennelly, Chairman, 
Harvard University: Cambridge, Mass. 


C. А. Adams, Secretary, 


Harvard University, Cambridge, Mass. 


(ames Burke, W. Powell, 

. A. Del Mar, Charles Robbins, 
H. W. Fisher, L. T. Robinson, 
H. M. Hobart, E. B. Rosa, 

Р. В. Jewett, С. Е. Skinner, 
Р. Junkersfeld, . M. Smith, 

G. L. Knight. . G. Stott, 

W. L. Merrill, P. H. Thomas. 


CODE COMMITTEE. 


Farley Osgood, Chairman, 
703 Broad Street, Newark, N. J. 


J. С. Forsyth, . N. Muller, 
Н. В. Gear, H R. Sargent. 
H. O. Lacount, A. M. Schoen, 


George Е. Sever, 


Kempster B. Miller, 
C. E. Skinner, 


LAW COMMITTEE. 


G. H. Stockbridge, Chairman, 
165 Broadway, New York. 
Charles L. Clarke, Paul Spencer. 
C. E. Scribner, Charles À. Terry. 


SPECIAL COMMITTEES 


Revised to February 1, 1915 


POWER STATIONS COMMITTEE. 


H. G. Stott, Chairman, 
600 West 59th Street, New York. 


W. S. Gorsuch, C. S. MacCalla, 
J. H. Hanna, R. F S. Pigott, 

C. A. Hobein, E. F. Scattergood, 
A. S. Loizeaux, Paul Spencer, 


C. P. Uebelacker. 


TRANSMISSION СОММІТТЕЕ. 
P. 5 Thomas. Chairman, 


2 Rector St., New York. 
E. J. Berg. V. D. Moody, 
P. M. Downing, F. D. Nims, 
A. R. Fairchild, F. W. Peek, Jr.. 
F. A. Gaby, Harold Pender, 
L. E. Imlay, K. C. Randall, 
L. В. Lee, С. 5. Ruffner, 
G. H. Lukes, F. D. Sampson 
Ralph D. Mershon, P. W. Sothman 
W. E. Mitchell, C. E. Waddell, 
J. E. Woodbridge. 

RAILWAY COMMITTEE. 

D. C. Jackson, Chairman, 
248 Boylston Street, Boston, Mass. 
A. H. Armstrong, E. B. Katte, 
A. H. Babcock, Paul Lebenbaum, 
E. J. Blair, W. S. Murray, 
H. M. Brinckerhoff, Au. Renshaw, 
E. P. Burch. . S. Richey, 
H. M. Hobart, E. J. Sprague. 
N. W. Storer. 


PROTECTIVE APPARATUS COMMITTEE. 


E. E. F. Creighton, Chairman, 
Union University, Schenectady, N. Y. 


Н.Н. Dewey, Lawson. 

Louis Elliott, . B. Merriam, 
Victor H. Greisser, Ls C. Nicholson, 
Ford W. Harris, E. P. Peck, 

S. О. Hayes, N. L. Pollard, 

Fred L. Hunt, O. O. Rider, 

L. E. Imlay, D. W. Roper, 

R. P. Jackson, Charles P. Steinmetz, 


H. R. Woodrow, 


ELECTRIC LIGHTING COMMITTEE. 


Clayton H. Sharp, Chairman, 
556 East 80th St., New York. 


E. P W. Cowles, . S. Perkins, 
Hy S. G. Rhodes, 
P. ak sd. E. B. Rosa, 
A. S. Loizeaux, G. H. Stickney, 
H. W. Peck, C. W. Stone. 


INDUSTRIAL POWER COMMITTERE. 


D. B. Rushmore, Chairman, 
General Electric Company: Schenectady, N. Y. 


A. C. Eastwood, McAllister, 
Walter A. Hall, . P. Mallett, 

J. M. Hipple, . H. Martindale, 
G. H. Jones, W. Pe Merrill, 

C. a (night, J. A. Osborn, 
J. C. Lincoln, A. G. Pierce, 


H. A. Pratt. 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 
C. E. Scribner, Chairman, 


463 West Street, New York. 
Minor M. Davis, ster B. Miller, 


C. L. Fortescue, Mouradian. 
H. M. Friendly, W. Pennell, 
A. H. Griswold, F. 0 ‘Rhodes, 
F. B. Jewett, John B. Taylor, 
S. M. Kintner, J. L. Wayne, 
William Maver, Jr., G. M. Yorke. 


О COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 
Wilfred Sykes, Chairman, 


Box 242, East Liberty, Pa. 
F. E. Alexander, М.Н. Gerry, Jr., 


C. W. Beers, Charles Legrand, 
W. W. Briggs, K. A. Pauly 
Graham Bright, G. B. Rosenblatt, 


В. Т. Viall. 


COMMITTEE ОМ USE 
OF ELECTRICITY IN MARINE WORK. 


C. S. McDowell, Chairman, 


Navy Yard, New York. 
Maxwell W. Day, О. Р. Loomis, 
W. L. R. Emmet, D. M. Mahood, 
F. C. Hanker, С.А. Pierce, Jr., 
H. L. Hibbard, H. M. Southgate, 
Guy Hill, Elmer A. Sperry, 
H. A. Hornor, F. W. Wood. 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman, 
2635 South 2nd Street, Steelton, Pa. 


F. B. Crosby, . T. Henderson, 
A. C. Dinkey, F. Hodgkinson, 
Gano Dunn, E үч Lamme, 
A. C. Eastwood, Bou 

F. G. Gasche, RH B. Treat, 


J. L. Woodbridge. 


ELECTROCHEMICAL COMMITTEE. 


А. F. Ganz, Chairman, 
Stevens Institute, Hoboken, N. J. 
Lawrence Addicks, E. F. Price, 
C. F. Burgess, C. G. Schluederberg, 
Carl Hering, L. L. Summers, 
W. R. Whitney. 


ELECTROPHYSICS COMMITTEE. 
J. B. Whitehead, Chairman, 


Johns Hopkins Dr u Baltimore, Md. 


Frederick Bedell, 
H. L. Blackwell, 
L. W. Chubb, H. J. Ryan, 

үу. 6. Franklin, Н. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 
William B. Jackson, Chairman, 
111 ХУ. Monroe Street, Chicago, ПІ. 
Philander Betts, Cx Norton, 
William H. Blood, Jr., C. L. Pillsbury, 


Fred A. Bryan, H. Spochrer, 
C. L. Cory, W. G. Vincent, 
Henry Floy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


V. Karapetoff, Chairman, 
Cornell University, 
. J. Berg, 


Ithaca, N. Y, 
E S. Langsdorf, 
F. L. Bishop, С. Е. Magnusson. 
С.Е. Dooley, Charles F. Scott. 
G. A. Hoadley, P. B. Woodworth. 


[Feb. 


PUBLIC POLICY COMMITTEE. 


Cavert Townley. Chairman, 
Broadway, New York. 
William McClellan, MES Cna rman, 
141 Broadway, New Y 


H. W. Buck, H. A. Lardner, 
Fredk. Darlington, E. W. Rice, Jr., 
Gano Dunn, L. B. Stillwell, 

John H. Finney, H. G. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chalrman, 

80 Maiden Lane, new York. 
Bion J. Arnold, S. Northrup. 
C. S. Bradley, . S. Schairer, 
Val. А. Fvnn, C. E. Scribner, 
John F. Kelly, F. J. Sprague, 
H. Ward Leonard, C. А. Terry, 


MEMBERSHIP COMMITTEE. 
H. D. jenes. Chairman, 


W. E. and M. Company, East Pittsburgh, Pa. 
Markham Cheever, А. ones, 
E. L. Doty S. С. Lindsay, 
Walter A. “Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 
H. A. Hornor, S. Turner, 


W. 
P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTEE. 


*T. C. Martin, Chairman, 


29 West 39th Street, New York. 
John J. Carty, . ХУ. Rice, Jr., 
Charles L. Clarke, Charles F. Scott, 
Louis Duncan, Frank J. Sprague. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
14 West 45th Street, New York. 
А. E. Kennelly, Secretary, 
Harvard University, Cambridge, Mass. 


C. A. Adams, E. B. Rosa, 

B. A. Behrend, C. F. Scott, 

Louis Bell, Clayton H. Sharp, 
James Burke, Samuel Sheldon, 

J. J. Carty, C. E. Skinner, 

Gano Dunn, Charles P. Steinmetz. 
H. M. Hobart, H. G. Stott, 

John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OF CON- 
SULTING ENGINEERS. 


L. B. Stillwell, Chairman, 

100 Broadway, New York. 
H. W. Buck, F. R. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
]3 Park Row, New York. 
H. W. Buck, John F. Kelly, 
Gano Dunn, Schuyler Skaate Wheeler 


1015) 


NEW YORK RECEPTION COMMITTEE. 
Frederick C. Bates, Chairman, 
30 Church Street, New York. 
Н. Н. Barnes, Jr., William Maver, Jr., 


Edward Caldwell, Angus K. Miller, 
N. A. Carle, F. A. Muschenheim, 
W. G. Carlton, Farley Osgood, 
W. A. Del Mar, H. A. Pratt, 
A. F. Ganz, S. Rug 
Bancroft Gherardi, George F. ees 
E. W. Goldschmidt, Frank W. Smith, 
C. A. Greenidge, P. W. Sothman, 
A. H. Lawton, S. D. Sprong, 
pa W. Lieb, H. G. Stott, 
Livingston, H. M. Van Gelder, 
W. E. McCoy, . M. Wakeman, 


Robert H. Marriott, alter F. Wells, 
Clifton W. Wilder. 


EDISON MEDAL COMMITTEE. 
Appointed by President for terms of five years. 


Term expires July 31, 1919. 
Charles F. Brush, William Stanley, 


W. Storer. 
Term expires July 31, 1918. 
H. W. Buck, F. A. Scheffer. 


J. Franklin Stevens, 
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Term expires July 31, 1917. 


А. E. Kennelly, H. Ward Leonard, 
Robert T. Lozier. 


Term expires July 31, 1916. 


Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 


Ampere, N. J. 
Term expires July 31, 1915. 
J. W. Lieb, E. L. Nichols. 


Elihu Thomson, 


Elected by the Board of Directors from its own 
membership for terms of two years. 


Term expires July 31. 1916. 
C. O. Mailloux, L. T. Robinson. 
E. Scribner, 
Term expires July 31, 1915. 


H. H. Barnes, Jr., А. S. McAllister. 
William McClellan, 


E x-Officto. 
P. M. Lincoln, President. 
George А. Hamilton, Treasurer. 
Е L. Hutchinson, Secretary. 


° INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL 
Gano Dunn, C. O. Mailloux, 
Ralph D. Mershon, Paul M. Lincoln. 
ON BOARD OF TRUSTEES, UNITED EN- 
GINEERING SOCIETY. 
C. E. Scribner, H. H. Barnes, Jr., 
Gano Dunn. 
ON LIBRARY BOARD OF UNITED EN- 
GINEERING SOCIETY. 


Harold Pender, 
W. I. Slichter, 
Р. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF МА- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee, 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON ADVISORY BOARD, NATIONAL CON- 
SERVATION CONGRESS. 


Calvert Townley. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 


W. S. Franklin, G. W. Pierce, 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan. 

ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 

Charles F. Scott, Samuel Sheldon. 


ON AMERICAN ELECTRIC RAILWAY AS- 
SOCIATION'S COPA ss ON JOINT USE 


POLES. 
Parley Osgood, Pirey 


Samuel Sheldon, 
. Gherardi, 


F. B. H. Paine, 
H. Thomas, 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 

F. B. H. Paine, 
Percy H. Thomas. 


Farley Osgood, 


ON JOINT NATIONAL COMMITTEE ON 
ELECTROLYSIS. 


F. N. Waterman, 
Paul Winsor. 


Bion J. Arnold, 


ON BOARD OF MANAGERS, PANAMA- 
PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1915. 


А. M. Hunt, J. T. Whittlesey. 
And the President and Secretary of the Institute. 


ON JOINT COMMITTEE ON LEGISLATION 
RELATIVE TO REGISTERING ENGINEERS. 
William McClellan, S. D. Sprong. 


LOCAL HONORARY SECRETARIES. 


Guido Semenza, N. 10, Via S. Radegonda, Milan; 
taly 
Robert Julian Scott, Christchurch, New Zealand 
T. P. Strickland, N.S.W. Government Railways, 
Sydney. N. S. W. 

L. A. Herdt, McGill Univ., Montreal Que. 

Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, Genest-str. 7 Schoeneberg, 
erlin, Germany. 
А. S. Garfield, 67 Avenue de Malakoff, Paris, 
France. 
Hang Parker Gibbs, Tata Hydroelectric Power 
upply Co. Ltd., Bombay, India. 


ON U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION COM- 
MISSION. 

A. E. Kennelly, C. O. Mailloux, 
Clayton H. Sharp. 
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LIST OF SECTIONS 
Revised to February 1, 1915. 
Name and when Organized. Chairman Secretary. 
Atlanta............... Тап. 19, '04 | А.М. Schoen H. M. Keys, Southern Bell Tel. & Tel. Co., 
Atlanta, Ga. 
Baltimore............. Dec. 16, '04 | J. B. Whitehead | L. M. Potts, Industrial Building, Balti- 
more, 
Boston................ Feb. 13, '03 | С. W. Palmer, Jr. | Ira M. Cushing, 84 State St., Boston, Mass. 
Chicago...................... 1893 | E. W. Allen W.J. Norton, 12 W.Adams St.,Chicago, Ill. 
Cleveland............. Sept. 27, 07 | Howard Dingle S К Scovel, 1663 East 86th Street, Cleve- 
and, Ohio. 
Detroit-Ann Arbor een Jan. 13,711 | Н.Н. Norton Ray E кешип, Cornwell Building, Ann 
rbor, Mich. 
Fort Wayne........... Aug. 14, 08 | L. О. Nordstrum | J. J. A. Snook. 927 Organ Avenue, Ft. 
: ayne, Indiana. 
Indianapolis-Lafayette . Jan. 12, '12 | J. L. Wayne, 3rd. Жанат А. овие Graceland Ave., In- 
ianapolis, Ind. 
Ithaca................ Oct. 15, 02 | E. L. Nichols W. G. Catlin, Cornell Univ., Ithaca, N. Y. 
Los Angeles May 19, '08 | C. G. Pyle Edward Woodbury, Pacific Lt. & Pr. Com- 
p Emi Los Angeles, Cal. 
Lynn................. Aug. 22, 11 | W. H. Pratt Hall, General Electric Co., Lynn, Mass. 
adison.............. Jan. 8, 09 | J. W. Shuster FA a . Kartak, Univ. of Wisconsin. Madison 
is. 
Мехісо............... Dec. 13, "07 
Milwaukee............Feb. 11, 10 | L. L. Tatum W. J. Richards, National Drake and Elec- 
tric Co., Milwaukee, 
Minnesota............ Apr. 7, 02 | Leo H. Cooper Emil Anderson, 1236 Pi кіз Bidg., 
Minneapolis, Minn. 
A EE Ы Oct. 10, "13 | Hartley Rowe NR J. Embree, Balboa Heights, C. Z. 
Philadelphia B ge ON Feb. 18,'03 | H. F. Sanville . F. James, 1115 North American Bldg., 
Philadelphia. Pa. 
Pittsburgh............ Oct 13, 02 | J. W. Welsh Свае E Riker, Eleetric Journal, Pitts- 
urg 
Pittsfield.............. Mar. 25, '04 | W. W. Lewis M. E. Tressler, General Electric Company. 
Pittsfield, Mass. 
Portland, Ore.......... May 18, '09 | R. F. Monges Paul oe 45 Union Depot, Port- 
an 
Rochester.............Oct. 9, '14 Iu C. Parker O. W. Bodler, Pittsford, N. Y. 
St. Louis............. Jan. 14, '03 . N. Clarkson A. McR. Harrelson, 2529 DeGiverville 
ee: St. Louis, 
San Francisco.......... Dec. 23, 04 | C. J. Wilson G. Jones, 811 Rialto Building, San Fran- 
id a 
Schenectady Jan. 26, '03 | H. M. Hobart S. M. Стево, Gen. Elec. Co. Schenectady, 
Seattle................ Тап. 19, 04 | S. C. Lindsay E. A. Loew, University of Washington, 
ае Wash. 
Spokane.............. Feb. 14, 13 | J. W. Hungate L. N. Rice, Parsons Hotel. Spokane, Wash. 
Toledo................ June 3, 07 | George E. Kirk Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, O. 
Toronto . Sept. 30, "03 | О.Н. McDougall] H. a ‘in Continental Life Bldg., Toronto. 
Urbana............... Nov. 25, '02 | I. W. Fisk P. S: Biegler, University of Illinois, 
Uo, Biete 
Vancouver............ Aug. 22, 11 | E. P. LaBelle K. C. Auty, B. C. Electric Railway Co., 
Ltd., Vancouver, B. 
Washington, D. С...... Apr. 9, 03 | C. B. Mirick C. A. Peterson, 1223 Vermont Ave., N. W. 


Total 31 


Name and when Organized. 


Agricultural and Mech. 


College of Texas..... Nov. 


Alabama, Univ. of...... Dec. 


Arkansas, Univ. of..... Mar. 


Armour Institute....... Feb. 
Bucknell University.....M 
. Feb. 
Cincinnati, Univ. of... . . Apr. 
оа Agricultural сог. 


California Univ. of.... 


Colorado State Agricul- | 
tural College.. . .Feb. 


Washington, D. C. 


LIST OF BRANCHES 


Chairman 

12, '09 | J. F. Nash 

11, '14 | W. M. Johnston 
25, '04 | D. C. Hopper 
26, '04 | W. L. Burroughs 
17, '10 | R. K. Hoke 

9, '12 | L. R. Chilcote 
10, '08 | F. Oberschmidt 
8, '12 | W. E. Blake 

11, '10 | G. M. Strecker 


Secretary. 


А. Dickie, А. & M. College, College Sta- 


tion, Texas. 


. M. Smith, 
y Universi 
ele 


uo 

Chester F. Wright, 3341 Michigan Boule- 
vard, Chicago, Ill. 

George A. irland, Bucknell University, 
Lewisburg, Pa. 

E. S. Meddaugh, 2521 Channing Way, 
Berkeley, C 

A. C. Perry, 707 East McMillan Street, 
Cincinnati, О. 


F. L. Bunker, Clemson College, S. С. 


E. O. Marks, Colorado State Agricul- 
tural College, Fort Collins, Colo. 


ive of Arkansas, Fayetteville, 
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LIST ОЕ BRANCHES—Continued. 


Name and when Organized. 


Colorado, Univ. of... ... Dec. 
Georgia School of Tech- 
nology.............. une 
Highland Park College. . Oct. 
Idaho, University of... . . June 
Iowa State College......Apr. 
Iowa, Univ. of.......... May 
Kansas State Agr. Col.,..Jan. 
Kansas, Univ. of....... Mar. 
Kentucky State, Univ. ofOct. 
Lafayette College... Apr. 
Lehigh University...... Oct. 
Lewis Institute......... Nov. 
Maine, Univ. of........ Dec. 
Michigan, Univ. of...... Mar 
Missouri, Univ of.,......]an 
Montana State Col.,.... May 
Nebraska, Univ. of..... Apr. 
New Hampshire Col... .. Feb. 
North Carolina Col. of Agr. ey 
and Mech. Arts...... eb. 
North Carolina, Univ. of Oct. 
Ohio Northern Univ... Feb. 
Ohio State Univ.,....... Dec. 
Oklahoma Agricultural ant 
Mech. Col........... Oct 
Oklahoma, Univ. of... . . Oct. 
Oregon, Agr. Col.,...... Mar. 
Penn State College..... Dec. 
Pittsburgh, Univ. of.,... . Feb. 
Purdue Univ.,.......... 188. 
Rensselaer Poly. Inst..... ov. 
Rose Polytechnic Inst., Nov. 
Rhode Island State Col. Маг. 
Stanford Univ.,........ Dec. 
Syracuse Univ.,........ Feb. 
Texas, Univ. of.,........Feb. 
Throop College of Tech- 
nology.............. Oct. 
vagini Polytechnic Insti- 

s» әле ae э э. жеу 40 0% ап. 
Virginis, Univ. of....... eb. 
Wash. State Col. of. . .. Dec. 
Washington Univ...... . Feb. 
Washington, Univ. of.,..Dec. 
West Virginia Univ..... . Nov. 
Worcester Poly. Inst.,.. . Mar. 
Yale University. ....... Oct. 


Fotal 52. 


16, 


25, 


13, 


Chairman 


Philip S. Borden 


К.А. Clay 


Clyde Prussman 


Roscoe Schaffer 


L. V. Fickle 
Ray Walker 
Harry Y. Barker 
R. McManigal 
N. F. Matheson 
А. Н. Fensholt 
Н.Н. Beverage 
Н.А. Enos 

Е. W. Kellogg 
John M. Fiske 
Olin J. Ferguson 
Н.М. Alexander 
Р.Н. Daggett 
R. E. Lowe 
Leslie J. Harter 


A. P. Little 
C. K. Karcher 
W.R. Grasle 


H. S. Smith 
B. E. O' Hagan 


L. W. Spray 

W. J. Williams 
Warren F. Turner 
W. C. Miller 


G. L. Beaver 
W. P. Graham 


J. M. Bryant 


R. S. Ferguson 


W. S. Rodman 
M. K. Akers] 

C. C. Hardy 

H. W. McRobbie 
H. C. Schramm 
Frank Aiken 

F. M. Doolittle 


Secretary 


Charles S. Miller, University of Colorado, 


Boulder, Colo. 


J. M. Jr.. 
of Technology, Atlanta, Ga. 

Ralph R. Chatterton, Highland Park Col- 
lege, Des Moines, Iowa. 


Reifsnyder, Georgia School 


die Robbins, Iowa State College, Ames, 

owa. 

ups Ford, University of Iowa, Iowa City, 
owa. 

Clarence E. Reid, Kansas State Agric. 
Col., Manhattan, Kan. 

Ernest Arnold, Univ. of Kansas, Lawrence, 
Kansas. 
F. Campbell, 345 South Limestone 
ae сип, By 

S Jr., Lafayette College, 


3 North Main St., 


Boe 

> Cy Brockman, 
Nazareth, Pa. 

pred. A. Rogers, Lewis Institute, Chicago, 


WE ee Bowler, University of Maine, Orono, 

ain 

H. W. “Stubbs, University of Michigan, 
Ann Arbor, Mich. 


Atkinson, University of Missouri, 
Columbia, Mo. 
J. A. Thaler, Montana State College, 


Bozeman, Mont. 
V. L. Hollister, Station А. Lincoln, Nebr. 


D. G. McArn, West Raleigh, N. C. 


р `W. McIver, University of North Caro- 
lina, Chapel Hill, N. C. 

W. F. Schott, 426 South Union Street, 
Ada, Ohio. 

Robert C. Schott, 38 14th Avenue, 
Columbus, Ohio. 

Quentin Graham, 118 Husband St., Still- 
water, Okla. 

W. Miller Vernor, Univ. of Oklahoma, 


Norman, Okla. 
Winfield Eckley, 
Corvallis, Ore. 

Daniel E. Winslow, State College, Pa. 

George Hickman, University of Pittsburgh, 
Pittsburgh, Pa. 

R. 7 Tafel, Purdue Univ., Lafayette. Ind. 

W.E . Coover, 74 Eagle Street, Troy, N. Y 

F. Edward Bundy, 1103 N. 8th Street, 
Terra Haute, Ind. 

P. M. Randall, Jr., Rhode Island State 
College, Kingston, R. I. 

H. J. Scholz, Stanford University, Cal. 

R. A. Porter, Syracuse University, Syra- 
cuse, N. 

J. т. Correll, University of Texas, Austin, 

ex. 


W. M. Holmes, Throop Poly. Institute, 
Pasadena, Cal. 


Oregon Agric. Col., 


H. Anderson, Jr., 1022 West Main St., 
Charlottesville, Va. 
Carpenter State Coll. of Wash., 
Pullman, Wash. 
Charles P. Seeger, Washington University, 
St. Louis, Mo. 
Bessesen, Univ. of Washington, 
Seattle, Wash. 
C. L. Walker, West Virginia Univ., Mor- 
gantown, W. Va. 
. B. R. Prouty, Worcester Poly. Inst., 
"Worcester, Mass. 
K. Lessey, 106 Van Sheff. New Haven, 
Conn. 
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COMPARISON OF CALCULATED AND MEASURED 
CORONA LOSS CURVES 


BY. F. W. РЕЕК, JR. 


ABSTRACT OF PAPER 


Corona loss curves made on a number of experimental and 
practical lines by different investigators have been corrected 
and plotted. The loss has been calculated by the quadratic law 
for each case under the same conditions as to spacing, conductor 
diameter, altitude, etc. and plotted for comparison. 

It is of interest to note that the measured values were made 
at various parts of the country. Тһе time period covers 
a number of years and the altitude varies from sea level to 10,000 
ft. Ап exact check of calculated and measured losses cannot be 
expected, as the exact conditions are not always known as to con- 
ductor surface, wave shape, etc. Such losses are also difficult 
to measure, especially on practical lines where the voltage 
range is quite small and there are a large number of corrections 
to make. Тһе check is as close as the accuracy of the measure- 
ments permit. The variations from the calculated values are in 
most cases due to the fact that practical measurements have 
been made on the unstable part of the curve below the visual 
critical voltage value. Тһе losses at this part of the curve are 
fully discussed. | 


ORONA loss curves made on a number of experimental and 

practical lines have been collected and plotted. Тһе loss 

has then been calculated by the quadratic law for each case under 

the same conditions as to spacing, conductor diameter, altitude, 

etc. and plotted for comparison. In all cases the full lines in 

the illustrations represent the calculated curves, while the 
broken lines represent the measurcd curves. 

It is of interest to note that the measured values were made 
at various parts of the country, by independent investigators, 
and that the time period is a number of vears. The altitude 
varies from sea level to 10,000 ft. An exact check of calculated 
and measured losses can not be expected, as the exact conditions 
are not always known as to conductor surface, wave shape, ctc. 
Such losses are also difficult to measure, especially on practical 
lines, where the voltage range is quite small and there are large 
corrections to make. Іп most cases, when such loss curves on 
practical lines have been given, measurements have not been 
carried above the visual critical corona point. 


Manuscript of this paper was received December 24, 1914. 
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Before an examination of the curves is made, attention 1s 
called to the following summary of facts which are fully dis- 
cussed in * Law of Corona I."* 

The law of corona takes the general form 


b = c (e — eo)" 


which means that under conditions otherwise constant, the 
loss varies as the square of the apphed voltage above a certain 
critical voltage, e; or eg Figs. 1 and 2 show characterisüc 
curves. The critical voltage, ео, is called the disruptive critical 


(0.47 in. Diameter) (Radius 0:59 ст.) 
Spacing 122 in. (310 cm.) Total Conductor Length 
3580 ft. (1.09 km.) 
Temperature 12 deg. cent. Barometer 75 cm. 
Frequency 60 cycles. 6 -1.04 Test No. 186 
| р- 0.01 (e - 70)? 


Loss measured on high side. 


Points measured. 
Full curve calculated. 


KILOWATTS LOSS 


0 20 40 60 80 100 120 140 160 180 200 220 240 
KILOVOLTS BETWEEN LINES 


Fic. 1-Остроов SINGLE-PHASE EXPERIMENTAL LINE. (TESTS MADE 
ву F. W. PEEK, JR., SCHENECTADY, 1910) 


voltage. Visual corona docs not start at the disruptive critical 
voltage, but at some higher voltage e, the visual critical voltage. 
Both of these voltages have been calculated and marked on the 
curves. Theoretically, if the conductors were perfectly smooth, 
по loss should occur until the visual critical voltage, ey, is reached, 
when the loss should suddenly take a definite value. For e, 
and higher voltages, the loss should follow the quadratic law. 


^ "Trans. А. I. E. E, 1911. See also Law of Corona II Trans. A. I. 
E. E., 1912. High Voltage Enginccring, Journal of Franklin Institute, 
December, 1913. 
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7.0 
Conductor new No. 8. copper wire 
6.5 (0.128 in. Diameter) (Radius 0.164 cm.) 
; Spacing 145 іп. (366 ст.) 
6.0 Total Length 960 ft. (0.29 km.) 
! Temperature 1.5 deg. cent. Barometer 76.6 em 
5% Frequency 60 cycles. С = 1.10 Test Мә. 137 
{ рь. (e-30)* kw 
50 Loss measured on high side. 
А Points measured. 
Full curse calculated. 
4.5 - 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 


0 20 40 60 80 100 120 140 160 180 200 220 


KILOVOLTS BETWEEN LINES 


Fic. 2--Оотроок SINGLE-PHASE EXPERIMENTAL LINE. (TESTS MADE 


KILOWATTS LOSS 


BY Е. W. PEEK, JR., SCHENECTADY, 1910) 


ЖЕШ 
K... s 
-~ 


0 10 20 30 40 50 60 70 80 90 100 10 120 
KILOVOLTS BETWEEN LINES 


Fic. 3—LoOwErR PART OF FIG. 2 то AN ENLARGED SCALE 
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In practise, due to dirt, points, ctc., brushes occur on the con- 
ductors at voltages lower than e. Between e, and e, due to 
these brushes, there is a loss. This loss practically follows the 
quadratic law for large weathered conductors, where e, and e, 
approach each other in value. See Fig. 1. For small conductors 
and especially new conductors with fairly clean surfaces, the 
loss between e, and e; falls below that of the quadratic law, as 


Conductor No. 0 Weathered Cable 
(0.375 in. Diameter) (Radius 0.475 cm.) 
Flat - 124 in. 
Average 165 in. (420 ст.) 

Length of Line 63.5 miles (one conductor) 
Temperature 11 deg. cent. Barometer 60 cm. 
Frequency 60 cycles, С -0.58 

Note that greater part of curve is below e, 

Loss measured on low side. 


Spacing 


Dotted curve measured. 


Full curve calculated. 


KILOWATTS LOSS 


0 10 20 30 40 50 60 70 80 90 100 110 120 130 
KILOVOLTS BETWEEN LINES 


Fic. 4—SHOSHONE-LEADVILLE ‘TRANSMISSION. LINE, THREE-PHASE. 
(TESTS MADE BY FACCIOLI) 


shown in Figs. 2 and 3. If the conductors were highly polished 
there would be very little loss until the voltage e, is reached. 
At this voltage the loss would suddenly take a definite value 
very nearly equal to that calculated by the quadratic law with 
е, as the applied voltage and е, as the critical voltage in 
the equation.* In all cases the loss follows the quadratic 
law above ey. Тһе part of the loss curve between eo and е, 


* eg or eg must always be used as the critical voltages in quadratic 
law. 
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will thus vary from day to day depending upon the chance 
condition of the conductor surfaces. Over this unstable sec- 
tion of the curve the loss follows the probability law. It is of 
practical importance only to know the limits of the loss at 
this part of the curve; e, should generally be the limit of volt- 
age on practical lines, as otherwise storm losses become excessive. 

Thus, from the considerations above, the quadratic law should 


1.8 


Conductor Wire -Radius 0.051 in. (0.129 ст.) 
Spacing 55 in. (110 ст.) Length of Experimental 

z Line 2000 ft. (0.6 km.) 

_ Frequency 73 cycles 4 -0.97 


).7 


1.6 


Loss measured on low side. The measured 


part of this curve is below the visual corona point. 
1.5 This ix so for others of this series. Compare 
with Fig. 3. 

Dotted line measured. 
Full curve*calculated. 


а 


о 


KILOWATTS LOSS 
(2000 FEET OF CONDUCTOR) 
o o 


Ell ee 
A 
š 
3 


40 9 60 70 80 90 100 10 
KILOVOLTS BETWEEN LINES 


Fic. 5--Остроов EXPERIMENTAL LINE. (TESTS MADE BY MERSHON, 
NIAGARA FALLs) (SEE TRANS. A. І. E. E., 1908, PAGE 876, Fic. 27) 


be closely followed in all cases for voltages higher than e. For 
the part of the curve between e, and % the loss in unstable and 
dependent upon chance surface conditions, dirt spots, etc. as 
follows: 

1. For large weathered cables, such as are used in practical 
lines, the quadratic law 1s closely followed. 
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Conductor Wire 0.032 in. Radius (0.0681 cm. Radius) 
С -0.97 
Spacing 48 in, (132 ст.) 
Loss measured on low side. Transformers іп 
series. 
Length of Line about 800 ft. 
(See А..Е.Е. June 1911. discussion) 
Dotted curves measured. 
Ға! curve calculated. 


KILOWATTS PER MILE OF LINE 
S 


. (TWO MILES OF CONDUCTOR) 
о 


e 


> 


ю 


0 10 20 30 940 A 60 70 80 90 100 110 
KILOVOLTS BETWEEN LINES 


Fic. 6—OurbooR EXPERIMENTAL LINE. (MEASUREMENTS MADE BY 
A. B. HENDRICKS, PITTSFIELD, 1906) 


РЕ WE _/ 


+ o 


Conductor No. { Wire. Байш- 0,102 іп, (0.258 cm.) 
Spacing 120 in. 35 cm.) 
e 21.036 Frequency б evecles 


Loss measured on high side. Voltage hy needle gap. 


Length of Line about 1389 ft. Ps 
Curves of this series at lower spacings do not check / 


so well. 
Dotted curve measured 


w 


N 


re 


KILOWATTS PER 1000 FEET OF LINE 
(2000 FEET OF CONDUCTOR ) 


o 
© 
ы 
с 
wu 
б 
4 
© 
сл 
© 


60 70 80 90 100 110 120 130 140 150 
KILOVOLTS BETWEEN LINES 


Fic. 7—OutTpoor EXPERIMENTAL LINE. (TESTS MADE BY HARDING, 
PURDUE UNIVERSITY). (SEE TRANs. А. T. E. E. 1912, PAGE 1035) 
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2. For new conductors, and especially small ones, the loss 
at voltages lower than the visual critical voltage, сь, falls below 
the quadratic law. 

Figs. 1 and 4 are typical of condition (1), while Figs. 2 and 5 
are typical of condition (2). 

Figs. 1 to 7 show a remarkably good check between calculated 
losses and data available from measured losses. Another check, 
which 15 given in the N. E. L. A. Bulletin for June, 1912, * might 
be mentioned here. This paper states that the loss roughly 
measured on the Eastern Michigan line by station instruments 
was between 15 and 20 kw. per mile. This line is of No. 0 copper 
at an average spacing of 174 in. The voltage was 140 kv. at 
one end and 165 kv. at the other during the test. Under these 
conditions, the average calculated loss per mile is 15 kw. 

The many hundred tests, made on our experimental outdoor 
and indoor lines, from which the quadratic law was derived, 
check as in Figs. 1 and 2. 

The following formulas were used in making these calculations: 


Visual Corona. ç 
ey = Mge r loge — kv. to neutral] 
r 


0.301 
e = 21.26 (1 + ————=-) kv. per cm. (effective sine wave) 


v ór 


Corona Loss. 


{For practical transmission lines and frequency near 60 cycles: 
p = ај (e— е) X 10° 


5 
eo = mo дро” log; — kv. to neutralT 
r 


§For small wires and calculation over a greater range of frequency, 
etc: 


*G. Faccioli, “ Corona on a High бее Lines," N. E. L.A., Bulletin, 
June, 1911. 


tKilovolts between lines divided by 2 for single-phase and уз for three 
phase. 

tLaw of Corona I and I, Frans. A. I. E. E., 1911 and 1912. 

$High Voltage Engineering, F. W. Peck, Jr., Franklin Institute, 
December, 1913. 
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/ r4 9 40.04 


5 
b = 211 (f + M x xc жо Оо 


S 
ed = Mo gd r log, — 
r 


0.3 1 ; 
t eor s) 


- 1 M 
£d = god (1 + VAT 1 2305 


The probability law 


pr = ge ho 


where 
p = lossin kilowatts per kilometer of a single-line conductor. 
e = effective value of the voltage between line conductors and neutral 


in kilovolts. 
f = frequency. 


344 / 4 
а = —- E 
б S 
r = radius of conductors іп cm. 
S = spacing between conductors in cm. 
3.92 b b — barometer in cm. 
Ó = air density factor = -, ——— 


273 +I = temperature deg. cent. 


go = 21.2 kv. рег cm. effective sine wave. 

то isa constant dependent upon the surface condition. 
mo = 1 for polished wires. 

то = 0.98 to 0.93 for roughened or weathered wires. 

mo = 0.87 to 0.83 for cables. 
m, = то for wires. 

ti y = 0.82 part corona 


0.72 complete corona | cables. 


То be presentea al the 3d Midwinter Convention of 
the American Instivte of Electrical Engineos, 
New York, February 18, 1915, under the aus pices 
of the Electrophysics Committee. 


Copyright 1915. Bv A. I. E. E. 
(Subject lo final revision for the Transactions.) 


DISTORTION OF ALTERNATING CURRENT WAVE 
CAUSED BY CYCLIC VARIATION IN RESISTANCE 


BY FREDERICK BEDELL AND E. C. MAYER 


ABSTRACT OF PAPER 

An alternating current flowing through an unvarying non- 
inductive resistance has a wave-form that is undistorted and 18 
identical with the wave-form of electromotive force. If the re- 
sistance varies during each cycle, on account of changing current 
and temperature or other causes, the current wave-form will be 
distorted and will contain a third harmonic that will flatten the 
current wave when the temperature coefficient is positive and 
will peak the current wave when the temperature coefficient 15 
negative. 

If there is no temperature lag in the resistance (that is, if 
the maxima and minima of temperature апа resistance coincide 
with the maxima and minima of current), the maximum of the 
third harmonic in the current wave will. coincide with the 
maximum of the fundamental, so as to flatten or peak the 
wave as stated. A temperature lag in the resistance, how- 
ever, causes the third harmonic of the current to be retarded in 
phase, and likewise causes a slight shifting of the fundamental of 
current with respect to the electromotive force. 

Due to this distortion of current wave-form, power factor 
becomes less than unity and a vector diagram in more than 
two dimensions is required to show the true relations between 
current, electromotive force and power factor. 

These conclusions, reached theoretically, conform with the 
experimental facts so far as known. In practical cases cyclic 
change of resistance is so small that the distortion due to it 1s 1n- 
significant. 


N A non-inductive circuit, the resistance of which remains 
constant during the cycle, an alternating current has 
exactly the same wave-form as the electromotive force im- 
pressed upon the circuit, for the current at each instant 15 
directly proportional to the electromotive force at that instant. 
This is not true, however, if the resistance of the circuit changes 
during the cycle, as it does when the circuit consists of an incan- 
descent lamp or lamps. In this case, since ? = e + r, the value of 
the current at any instant does not depend upon the electromo- 
tive force alone but depends also upon the value of the resistance 
at that instant; the wave-form of current is, accordingly, no 
longer the same as the wave-form of electromotive force. А 
simple sine electromotive force does not, in this case, produce a 
simple sine wave of current but a complex wave made up of a 


Manuscript of this paper was received November 30. 1914. 
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fundamental and one or more higher harmonics. It is the pur- 
pose of this paper to make a theoretical study of these harmonics 
and to see to what changes in resistance a particular harmonic 
corresponds. The conclusions which follow agree with experi- 
mental facts, so far as they are known. 

If the resistance passes through the same series of values 
during the negative half-wave of current as during the positive 
half-wave, the negative half-wave will be a repetition of the 
positive, with sign changed, and, on account of this symmetry, 
the current wave can contain no even harmonics. (Even har- 
monics would be introduced, however, by a discriminating resis- 
tance having different values for positive and for negative cur- 
rents; but it is not the purpose of this paper to consider resis- 
tances of this kind.) 

It will be shown later, in connection with Fig. 10, that no 
harmonic other than the third can produce an effect consistent 
with physical facts, if it alone is present or predominant. Partic- 
ular attention will, therefore, be given to the third harmonic 
and the cyclic change in resistance corresponding to it.* 

Let it be assumed that the electromotive force is a sine wave, 
as curve e in Figs. 1 to 6, and that the current, z, consists of a 
fundamental, 11, and a third harmonic, 73, with maximum value 
equal to ten per cent of the maximum value of the fundamental. 
The phase of the fundamental and of the third harmonic with 
respect to the electromotive force will be represented Бу 0, and 
Өз, respectively. 

Irrespective of the value of r, the current must be zero when the 
electromotive force is zero, for t = e + r, and this fact has been 
made usc of in constructing the curves. 

In constructing Figs. 1 to 6, the procedure has been as follows: 
First the electromotive curve e, a sine curve, 15 drawn. The third 
harmonic, 73, is then drawn in some assumed phase position, as 
shown bv the figure and indicated by the value of Өз. Next, 
the fundamental of current, 71, is so located that, when the elec- 
tromotive force is zero, 11 and 73 will have equal and opposite 
values; the total current 7 is thus made zero when the electro- 
motive force is zero, a necessary condition as already pointed out. 
Finally, the curve 4 for total current is drawn as the sum of tı 

“А similar study has been made of the distortion of wave-form in a cir- 
cuit embracing iron; see Effect of Iron tn Distorting Alternating Current 


Wave Form, by F. Bedell and E. B. Tuttle, Trans. A. I. E. E., p. 671, Vol. 
XXV., 1900. 
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and 73; and the curve r is drawn showing the instantaneous 
values of resistance, r = e + 1. 

On the right, in each figure, the broken curve 7 shows the value 
of resistance for each value of current; the solid curve shows the 
relation between e and т. Except in Figs. 1 and 4, it will be 
seen that 7 and e have different values for increasing and de- 
creasing values of 1. 

Discussion of Curves. Fig. 1 shows that a third harmonic of cur- 
rent in phase with e, (0з = 0), flattens the current curve and cor- 
responds to a resistance that increases with current, that is, the 
temperature coefficient is positive. Maximum resistance occurs, 
in Fig. 1, at the same time as maximum current; hence, in this 
case, there is no temperature lag. It is seen that the resistance 
has the same value for increasing and for decreasing current. 

Since the resistance curve has maxima for negative and for 
positive current, the resistance curve has twice the frequency of 
the current curve. 

Fig. 2 shows the same case as Fig. 1 except that the third 
harmonic of current is caused to lag a little, with respect to 
the electromotive force. Asa result, the fundamental, 11, is seen 
to be advanced in phase so that the sum of the fundamental 
and third harmonic of current is zero when the electromotive 
force is zero. The maximum resistance is now reached later, 
(approximately 30° later) than the maximum current, indi- 
cating a temperature lag. Resistance increases with current, 
indicating @ positive temperature coefficient, but the maximum 
resistance is now reached later than the maximum current, and 
the resistance has different values for increasing and decreas- 
ing current, due to this tempcrature lag. 

The curves on the right, accordingly, show resistance hvstere- 
sis loops. 

Fig. 3 is the same as Fig. 2 with Өз increased to 30°. 6, now 
has its greatest possible value, for further increase of 0; decreases 
0,, as shown in Fig. 7. 

Curves, not shown, have been drawn similar to Figs. 2 and 
3 for all ranges of value of 05; the figures reproduced here are typi- 
cal. They agree remarkably well with the experimental curves 
of Sahulka* and Bedellt made with incandescent lamps. These 

*" Wave Forms of Current and Cp of Alternating Current Lamps,” 
by J. Sahulka, Elec. World Digest, p. 803, Vol. 49, 1907; original article in 
Elek. und Masch., Feb. 17 and Mar. 17, 1907. 


1“ Measurement of Instantaneous Lamp Resistance," by F. Bedell, 
Elec. World, p. 370, Vol. 57, 1911. 


180 BEDELL AND MAYER: [Feb. 18 


Fic. 1. 05 = 0. fiis THEN 0; Г, AND [s ARE IN PHASE WITH E. MAXI- 
MUM R COINCIDES WITH MAXIMUM J AND THERE IS NO TEMPERATURE 
Lac. TEMPERATURE COEFFICIENT IS POSITIVE 


Fic. 2. 0, = —6° (APPROX.), I} BEING RETARDED IN PHASE. 4, IS 
THEN ADVANCED SO THAT 0, = + 22. Maximum R Lacs 30° BEHIND 
MAXIMUM J, DUE TO TEMPERATURE LAG. TEMPERATURE COEFFICIENT 
16 POSITIVE 


MAX. 1 
“ 
N 
R 
/ 
" 


Fic. 3. 0, = —30°, J; BEING FURTHER RETARDED; Г, IS THEN ADVANCED 
SO THAT 0, + 5.75°. Maximum R Lacs 60° BEHIND Maximum 1 DUE 
TO TEMPERATURE LAG. TEMPERATURE COEFFICIENT IS POSITIVE 
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~ 2” - 


r 
- 
` - 
— a ^ 


Fic. 4. ( = — 60°. @, 15 THEN 0. 1, IS JUST OPPOSITE TO Гу IN 
Fic. 1. Minimum R CoiNcibEs WITH MAXIMUM J AND THERE 15 NO 
TEMPERATURE LAG. TEMPERATURE COEFFICIENT IS NEGATIVE 


7 
MAX. I 
“ 


Fic. 5. 0, = — 66° (Арркох.), L BEING RETARDED ABOUT 6°. J, IS 
THEN RETARDED so THAT Ü, = — 2°. Minimum R Lacs 5° BEHIND 


MAXIMUM J, DUE TO TEMPERATURE LAG. TEMPERATURE COEFFICIENT 
15 NEGATIVE 


- 
- ~ 
- - - 
t ы 


Fic. 6. 0, = — 90°, I, BEING FURTHER RETARDED. Í IS THEN RE- 
TARDED SO THAT 9; = — 5.7592. Minimum В Lacs 30° BEHIND MAXIMUM 
I. TEMPERATURE COEFFICIENT IS NEGATIVE 
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theoretical curves, however, are much exaggerated in order to 
illustrate clearly the character of the results and show 30 to 40 
per cent. change in resistance during a cycle, whereas the ex- 
periments} referred to showed a change of only опе or two per 
cent. 

It will be seen, 1n Figs. 2 and 3, that the third harmonic of 
current is lagging, Өз being negative. Тһе corresponding cases 
with 03 positive would be shown by Figs. 2 and 3 reversed as in a 
mirror; the maximum resistance would then be reached before 
instcad of after the maximum current, indicating a temperature 
advance instead of a temperature lag. Ав this would be incon- 
sistent with physical fact, it may be concluded that the third 
harmonic must lag as shown in Figs. 2 and 3. 

Figs. 4, 5 and 6 show cases corresponding to those shown in 
Figs. 1, 2 and 3, the third harmonic, however, being reversed. 
The current wave is now seen to be peaked instead of flattened. 
The resistance in these cases is found to decrease with current, 
corresponding to a temperature coefficient that is negative instead 
of positive. 

In Fig. 4, the resistance has the same values for increasing 
and decreasing current, there being no temperature lag and no 
hysteresis in the resistance changes; the minimum resistance 
coincides with maximum current. 

In Figs. 5 and 6, minimum resistance occurs after maximum 
current; these figures show a temperature lag and resistance 
hysteresis. The fundamental of current in Figs. 5 and 6 15 
lagging instead of in advance of the eiectromotive force, as in 
Figs. 2 and 3, so that its value at the moment of zero electromo- 
tive force will be equal and opposite to the value of the third 
harmonic. 

In passing from Fig. 1 to Fig. 3, the flattening becomes less 
pronounced as the current curve becomes less symmetrical. 
Similarly, in passing from Fig. 4 to Fig. 6, the distortion of the 
current curve does not make so definite a pcak. 

Fig. 7 shows the relation between 0, and Өз, determined by 
the condition that the instantaneous values of the fundamental 
and third harmonic must be equal and opposite at the moment 
when the electromotive force 15 zero. Бір. 7 1s drawn for the 


IlExperiments might be made with resistance having a much higher 
temperature coefficient than incandescent lamps. А boron resistance 
has been described by Dr. E. Weintraub the conductivity of which doubles 
for 17°C change in temperature; see Elec. World, Vol. 63, p. 1098, Мау 16, 
1914. 
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case in which the third harmonic is ten per cent. of the fundamen- 
tal. Even in this exaggerated case, it is seen that the Jag or 
lead of the fundamental cannot exceed 5.75°, and this possible 
phase difference would be less if the third harmonic were less. 
In practical cases, therefore, the phase, shift of the fundamental 
current due to resistance change will always be small. 


Fic. 7—VALUES OF (jJ) FOR DIFFERENT VALUES OF Ü, 


Figs. 8 and 9 show the amount of lag in maximum or minimum 
resistance, after maximum current is reached, for different 
values of Өз. Points а, b, с, а, e, f were determined from Figs. 
1 to 6, respectively, other points being determined from similar 
curves not here reproduced. The amount of lag can be only 
approximately determined from the curves in each case. In 
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ж 
TEMPERATURE ADVANCE x 
5 


Fic. 8—Lac or MaxiMUM R BEHIND MAXIMUM J DUE TO TEMPERATURE 
LAG. Points а, b, с CORRESPOND TO Fics. 1, 2 AND 3, TEMPERATURE 
COEFFICIENT POSITIVE. 


view of this fact the results in Figs. 8 and 9 seem quite consistent. 
In Figs. 7, 8 and 9, negative values of 05 correspond to tempera- 
ture lag; positive values would correspond to a temperature 
advance, as already pointed out. 

In the foregoing discussion, resistance has been considered as a 
function of current, the relation between resistance variation 


+ w... 
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and wave form of current being the object of the investigation. 
If, in Figs. 1 to 6, curves were drawn for instantaneous power, 
bv taking the product e X i, these curves, as is well known, would 
be curves of twice the frequency of e or i. In Figs. 1 and 4 the 
double frequency curve for r would have its maxima and minima 
(or minima and maxima) coincident with the maxima and minima 
of the power curve. In the other figures the double frequency 
resistance curve would lag behind the double frequency power 
curve, and this ар behind the power curve would not be identical 
in amount with the lag behind the current. As power depends 
upon е as well as 4, maximum power is not coincident with 
maximum 4 but, in case of smooth curves as here discussed, is 
between maximum e and maximum 1. 

Fig. 10 shows the change of resistance with current which 


TEMPERATURE ТАС 


TEMPERATURE ADVANCE N, 
-90° 


Fic. 9--LAG OF Міхімем R Be- Fic. 10— CHANGE OF RESISTANCE WITH 


HIND MAXIMUM Í DUE TO CURRENT NECESSARY TO PRODUCE A 
‘TEMPERATURE LAG. POINTS TEN PER CENT FirrH HARMONIC; 
d, e, f CORRESPOND то Ес. ба = 0. TEMPERATURE COEFFICIENT 
4, 5 AND 6, TEMPERATURE POSITIVE 


COEFFICIENT NEGATIVE, 


would be necessary to produce a fifth harmonic. Inflections, as 
shown in Fig. 10 for a fifth harmonic, would occur in resistance 
curves drawn for any harmonic above the third. Such curves 
do not agree with the physical facts, as do the curves drawn 
for a third harmonic, Figs. 1 to 6. We, accordingly, conclude 
that the third harmonic must be predominant and that any higher 
harmonics must be relatively small. 

Power Factor. With a sine electromotive force, there 15 power 
in the fundamental current only, there being no power jn any 
harmonic in the current that does not have a corresponding 
harmonic in the electromotive force. The true power is, ac- 
cordingly, E J;cos@,. The apparent power is EJ, where I is the 
effective value of the total current; Г = Zè + I$? + 
Ig + I. ` ө á s 
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Power factor, the ratio of true to apparent power, is, accord- 
ingly, equal to cos 0, X I, + I, being the product of the funda- 
mental power factor and a distortion factor, Iı + I, always less 
than unity. Power factor is independent of 43. 

А third harmonic of ten per cent. gives a distortion factor of 
0.995 and, for the cases shown in Figs. 1 to 6, the power factor is 
cos 0, X 0.995. When 0, = 0, Figs. 1 and 4, the power factor 
has its maximum value 0.995. When 0, = 5.75°, Figs. 3 and 6, 
the power factor has its minimum value 0.990. 

Vector Representation. The vector 
representation of a sine electromotive 
force, Е, and a distorted current, J, is 


E 
b shown іп Fig. 11. The fundamental 
A J plane (the plane of the paper) is de- 
d termined by E and the fundamental 


current, I, = a’b, the phase difference 
between them being 0, = aa'b. 

The third harmonic current, J3, is 
represented by a'd' at right angles to 
the fundamental plane,* irrespective of 
the value of Өз. (This iine represents 
any harmonic, not necessarily the third. 
If several harmonics are present, it 
represents their combined value, I, = 
P DIAGRAM (Is? +I +I? +. é Jk IE 

IN THREE Юімемѕіомѕ Will, however, be referred to here as the 

third harmonic.) 

The total current J is represented by a'c, the vector sum of Iı 
and I, and fulfills the condition, 


P: = PD + I. 


° 


The fundamental power factor is cos 0, = cos aa’ b. 
The distortion factor (as used above) is L, + I = cos ca’b. 
The total power factor, or cos 0, is the product of these two, 


that is 
cos 0 = cos 0, X L, = І; 


or, COS аа'с = cos aa'b X cos са”. 


*This representation of harmonics by vectors out of the fundamental 
plane was described by one of the writers at a meeting of the Physical 
Society in June, 1906; see“ Note оп the Graphical Representation of Non- 
Sinusoidal Alternating Currents,” by F. Bedell, Phys. Rev., Vol. XXIII., 
p. 249; also Bedell and Tuttle, loc. cit. 
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It is seen that, unless J3 is zero and the current is а sine wave, 
there is no value of 0, that brings J in phase with E; that is, 0 
35 never zero and cos @ is never unity. 

Summary. Сүсіс change in resistance distorts the current 
wave and this distortion is accounted for chiefly by the intro- 
duction of a third harmonic. This harmonic has such a phase 
position as to flatten the current wave slightly when the tempera- 
ture coefficient is positive and to peak the wave when the tem- 
perature coefficient is negative. Тһе third harmonic lags 
in phase, from a symmetrical position indicated by 0; = 0? or 
60°, by an amount dependent upon the amount of temperature 
lag; this causes a slight shifting in phase of the fundamental, 
advancing the fundamental in phase when the temperature co- 
efficient is positive and retarding it in phase when the tempera- 
ture coefficient is negative. 

On account of the distortion of current, power factor 15 slightly 
less than unity. A vector diagram in thrce dimensions shows 
the relations between current, electromotive force and power 
factor. 


То be presented at the 34 Midwinter Convention of 
the American Institute of Electrical Engineers, 
Ne w York, February 19, 1915, under the au- 
spies of the Industrial Power Committee. 


Coypright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE CHARACTERISTICS OF ELECTRIC MOTORS 
INVOLVED IN THEIR APPLICATION 


BY D. B. RUSHMORE 


ABSTRACT OF PAPER 


[ndustrial power work in the electrical field consists pri- 
marily in applying electric motors to the driving of various kinds 
of machinery. Тһе machines to be driven possess character- 
istics of different kinds and are run on duty cvcles which are 
often peculiar to the classes of industry involved. Generally 
the characteristics of the machine to be driven are fixed and 
the class of motor suitable for this work must be selected with 
regarded to these features. 

Motors themselves are adapted to the work of driving ma- 
chines largely through various forms of controllers. A study 
of the characteristics of various classes of electric motors in 
the light of their adaptability to the requirements of the work 
to be done and a review of certain limitations and mechanical 
considerations is thc object of the paper. 


EVOLUTION OF THE ELECTRIC MOTOR 


N s. one hundred years have clapsed since A. M. Ampere 
announced his discovery of the dynamic action between 
conductors conveying electric currents, this being shortly 
followed bv Michacl Faradav's discovery of the principles of 
electromagnetic induction, which laid the foundation for all 
subsequent inveutions leading to the production of electro- 
magnetic or dynamo-electric machines. Actual industrial motor 
applications were tried out as early as 1858, the current being 
obtained from batteries, but it was not until 1873 that the 
reversible action of the dynamo was discovered by Messrs. 
Gramme and Fontaine at the Vienna Exposition. 

The polyphase induction motor was invented independently 
by Tesla and Ferraris during the period of 1885-88, and the 
development of this type of motor has been astonishing. When 
only a few years ago it was built in sizes of comparatively mod- 
erate capacity, we now find units in capacities of 6500 horse 
power. 


Manuscript of this paper was received January 8, 1915. 
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STATISTICS 


The enormous increase which has taken place during past 
years in the application of electric motors for driving industrial 
machinery, is best illustrated by a reference to the U. S. Census 
Reports given in Tables I and II. 


TABLEI 
ELECTRIC MOTORS ІМ MANUFACTURING 


1899 1904 1909 
“ 
Run by rented ромег.................. 182,562 h.p. | 441,589 h. р. | 1,749,031 h. p. 
Run by power generated by establish- 
"ient асан aes odis ds os EE ОЕТ 310,374 1,150,886 3,068,109 
Total horse ромег.............. 492,036 1,592,475 4,817,140 
TABLE II 
ELECTRIC Мотовв ім LEADING INDUSTRIES 

1809 1904 1909 
Agricultural implements.............. 7,642 20,713 38,905 
АшюотоВБйев......................... 4,220 41,829 | 
Car and railroad repair shops........... 4,563 52,635 161,288 
Сетпеп cies Fo а ее ы ete was 35,292 158,749 | 
Cotton goods; i sal Rack e АЕ какаш 17,504 67,139 235,902 
Electrical тасһіпегу.................. 24,256 61,753 164,540 
Foundry and machine shops. .......... 54,907 199,625 623,914 
Iron—Steel, blast furnaces............. 8,693 52,610 135,143 
Iron—Steel, Steel works and rolling 

N ика ы қылауы ИЕ | 64,658 254,258 | 716,609 
Lumber and timber products........... 11,315 33,517 | 130,707 
Paper and wood pulp..... nm 2,814 31,604 | | 130,120 
Printing and publishing............... 41,413 93,219 229,312 | 
TABLE III 


PRIMARY POWER 


1899 1904 1909 
| 
Owned 
Stem 252 КМ БЕЗ 8,139,579 10,825,348 14,202,137 
ТТК ТИТРІ 134,742 289,423 754,083 
Wael LL саса sape iod ded 1,454,112 1,641,949 1,807,144 
Other была Redon e bi eR d 49,985 98,085 44,742 
Renled =o рата амы eee as 319,475 632,902 1,872,670 
| 


Total horse power.............. 10,097,893 13,487,707 18,680,776 
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It is thus seen that at the end of the 10-year period 1899-1909 
the use of motors has increased to ten times what it was at the 
beginning of this period, while in certain industries the increase 
was even greater. This enormous rate is even more apparent 
` by a reference to Table III which gives the increase іп the primary 
power used, this being not quite doubled during this period. 


ADVANTAGES OF ELEcTRIC Motor DRIVE 


In general the use of clectric motors for driving industrial 
machinery offers the same advantages for all kinds of applica- 
. tions the distinctly important features being a decreased power 
consumption and an increased production for a given equipment. 

Among the features which aid in bringing about this condition 
are: 

Centralized power supply. 

Simplicity of power transmission and distribution. 

Machinery may be conveniently located with reference to 
production rather than to the power transmitting system. 

Changes can easily be made. 

Reduced friction losses and thus increased efficiency. 

Cleanliness and better light due to the absence of the large 
number of belts. 

Less danger of accidents. 

Better reliability of operation. 

Wide choice of motors as to size, mechanical design and 
operating characteristics. 

Perfect control, including readiness of starting and stopping 
and making close speed adjustments. 

Remote and automatic control. 

The operations may be closely studied by means of recording 
devices and tests can readily be made. 

Economy in time. 

Ability to operate any portion of a factory at any time with 
а power consumption approximately proportional to the work 
done. 

Etc., etc. 


APPLICATIONS 


The application of a motor to a certain machine involves 
not only a careful study of the conditions under which the ma- 
chine is to operate, but also of the characteristics of the motor 
to be applied to it. The former includes a full knowledge of 
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the duty cycle, the method of drive and the conditions of the 
location, while the latter covers the important features relating 
to the operation of the motor itsclf, including the advantages 
and limitations of cach type. 


CLASSIFICATION 
Motors may be classified either according to type, speed, 
mechanical features, etc. The first cover: 
Direct Current. 
Serics. 
Series-Shunt. 
Shunt. 
Compound. 
Differential. 
Alternating Current (Single-phase and Polyphase). 
Synchronous. 
Synchronous-Induction. 
Induction. 
Phase-Wound. 
Squirrel-Cage. 
Commutator. 
Series Characteristics. 
Shunt Characteristics. 
Compound Characteristics. 


RATING 


In order to correspond as closely as possible to the duty cycle, 
motors are given different ratings, and the three principal kinds 
of service which motors are required to meet are: 

Ist: Continuous duty where the load is practically constant 
over long periods of time. 

2nd: Cycle duty, in which a definite cycle repeats jtself with 
more or less regularity, the machine stopping between cach cycle. 

grd: Varving load duty in which more or less definite cvcles 
are repeated, but the motor runs continuously. 

These last two ratings, for convenience, are combined into 
a short-time rating and the rating thus derived is simply a cali- 
bration of the motor for its particular service, and this refers 
particularly to heating. The other limitations, such as the 
commutation and mechanical strength of the heavier part of 
the cycle, have to be chosen from the duty which the motor is 
to perform. 


1915] RUSHMORE: MOTOR CHARACTERISTICS 191 


LIMITATIONS 
The principal limitations in the rating of motors are: 


Mechanical Strength. 
Heating. 
Commutation. 
Regulation. 
Efficiency. 


The length of life of the brushes and commutator depends, 
of course, on the quality of commutation, and for continuous- 
duty service this should be the best possible. On short-time 
rated motors some sparking may be permitted without seriously 
shortening the life of the machine or require frequent renewals. 
Such cases are where the peaks come few and far between, so 
that the commutator and brushes may have time to convalesce 
between such sparking periods, due to polishing. 

With a geared machine which automatically starts, stops or 
reverses after a predetermined number of revolutions, such as 
on planers, etc., the sparking will, however, always occur on 
the same segments of the commutator, and under this condition 
sparkless commutation must be maintained on all peaks, or 
serious deterioration will take place. 

Regulation is a more or less important factor in some appli- 
cations, and for such drives as paper machines, cutting tools, 
etc., it may be the limiting feature. 

The efficiency of continuous-running apparatus is also usually 
of great importance. While on many types of cycle-duty opera- 
tion it is of secondary importance, oftentimes it need not be 
considered at all. In cases where a motor runs practically all 
of the time on armature control, or where starting torque and 
running for a few seconds is the only requirement of the motor, 
such as a valve motor, the efficiency can be neglected. Аба 
matter of fact, were the motor solely designed for efficiency it 
would be deterimental, as it would run up the first cost, weight 
and dimensions with no adequate return. 

In general, the power factor of motors need only be considered 
from the dollars and cents standpoint of supplying current to 
the motor. While, in general, motors of high power factor are 
desirable, it is advisable in many cases, and often necessary, to 
sacrifice power factor for other characteristics for a successful 
drive. 
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SPEED CLASSIFICATION 

Motors are often also classified with reference to their speed 
characteristics, as follows: 

Constant Speed: covering cases where the speed is constant 
or varies only slightly. 

Adjustable Speed: covering cases where the speed may be 
varied over a considerable range, but when once fixed remains 
at this value independent of the lead changes. 

Varying Speed; covering cases where the speed changes with 
the load, usually decreasing as the load increases. 

Multi-speed; covering cases where several distinct speeds 
may be obtained (two-speed; three-speed) by changing the con- 
nections of the windings or other means. 


CHARACTERISTIC CURVES 


The characteristic curves of various motors must be studied 
with a view of their application of motors of the proper character- 
istics chosen to meet various applications. Тһе torque, start- 
ing, running, maximum, may be required to be of very high values 
in all three, or any one, or any combination. Certain classes 
of machinery, for example, must have very high starting torque 
but the running torque may be low, or vice versa. 

The characteristic curves usually cover: 

Torque (starting, running, maximum). 

Current (starting, running, maximum). 
Efficiency. 

Power Factor. 

Speed Regulation. 

Phase Characteristics (for synchronous motors). 


MECHANICAL CONSIDERATIONS 


According to their mechanical features motors may be classi- 

fied as follows: 
Open. 
Mechanically protected. 
semi-encloscd. 
Totally-enclosed. 
Enclosed externally ventilated. 
Enclosed self-ventilated. 
Moisture proof. 
Splash and water-proof. 
Acid-proof. 
Submergible. 
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It is important to know the conditions of location of the 
motor in order to determine the proper kind of insulation to 
use. Standard motors are provided with insulation suitable 
even when motors are operated under conditions of slight 
moisture. In addition, there are a number of special insulations 
which are to be used under abnormal conditions, such as: 

When windings are exposed to moisture in excess of that for 
which standard insulation is designed. 

For extreme tropical conditions and for use in very hot 
rooms filled with steam. 

When windings are exposed to weak acid or alkaline vapors, 
excessive alkaline dust, etc. No insulation can, however, as 
a rule withstand strony acid or alkaline fumes. 

When windings are run under conditions which will cause 
heating somewhat above normal. 

When the windings are subject to very high temperatures. 

Motors may be of the horizontal or vertical tvpe and con- 
nected to the machinery either directly or through belt, chain, 
rope, gear or friction drives. 

The bearings may be of the ordinary journal type, either 
babitted or lined with metaline as in cases where the lubrication 
is liable to be neglected. Of late years the use of roller and ball 
bearings has also increased rapidly. 


OPERATING FEATURES 


From the operating point of view there is a large number 
of features which must be considcred in connection with motor 
applications. Some of these are as follows: 

Use of flywheels. 

Stability of operation (motors dropping out of step on short- 
circuits in system). 

Effect of voltage variation. 

Effect of frequency variation. 

Effect of wave form variation. 

Effect of unbalancing of phase voltages. 

Single-phase operation on three-phase circuits. 

Limitations of throwing motors directly on line. 

Effect on generating stations, lines and system in general 
when connecting motors in service. 

Reversible service requires motors with small flywheel effect. 

Phase advancement for improvement of power factor. 

Ete., etc. 


То be presented at the 3d Midwinter Convention 
of the American Institute of Electrical Engineers, 
New York, February 18, 1915. Under the 
auspices of Committee on Marine Work. 


Copyright 1015. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


SEARCHLIGHTS 


BY C. S. MCDOWELL 


ABSTRACT OF PAPER 


Searchlights have remained practically the same for the past 
25 years, although there is great necessity of an improved search- 
light on account of the increased range of torpedoes and іп- 
creased speed of torpedo boats. 

The constituent parts of a searchlight are given in the paper 
and some of the essential and desirable features of the various 
parts are shown. Methods of testing searchlight mirrors are 
given, with illustrative figures. 

The results of tests conducted on Navy standard 36-in. and 
60-іп. searchlights and Beck 44-in. searchlight show the latter 
type to be much more efficient in illuminating distant objects. 
Relative results are shown in the figures. 


S í. were first used during the Civil War in 

a very crude state; these first searchlights were fitted 
with metal mirrors. Later, Fresnel lenses were used to con- 
centrate the beam. Іп 1876, the Mangin type of mirror was 
first brought out and in 1880, Schuckert, in Nuremburg, suc- 
ceeded in producing a glass parabolic mirror ground to mathe- 
matical accuracy. Practically no changes have been made 
since that time to increase the efficiency of the searchlight; 
some mechanical improvements have been made, and methods 
of manufacture of carbons perfected, but practically the ordinary 
searchlight of to-day is the same as that of 25 years ago. 

In view of the increasing speed of torpedo boat destroyers 
and the increased range of torpedoes, it 1s very important that 
the searchlight, one of the principal means of defence against 
night attack, should be improved if possible. There has lately 
been developed by Mr. Heinrich Beck of Germany, a new type 
of searchlight much more efficient than those now in use, which 
is described a little later in this paper. 

In considering the question of searchlights and their relative 
efficiencies, it becomes natural to consider them as made up of 
the following constituent parts: 
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1. Searchlight drum, pedestal, system of control in azi- 
muth and in elevation, shutters and other purely mechanical 
details. 

2. Rheostats. 

3. Searchlight mirror. 

4. Lamp mechanism. 

5. Searchlight arc. 

One type of searchlight may show increased efficiency over 
another because some of these parts have been worked out to 
give the very best results, but a searchlight to give the very 
best results must have all these details worked out separately 
and then joined together in the proper relation to give the 
maximum efficiencies. 

Searchlight drum and other mechanical details are questions 
of design which affect the efficiency of the light very little. 
They should be worked out carefully, however, so that the 
searchlight is properly balanced, may be easily trained in azi- 
muth and elevation from a distant control station or at the light 
itself. The drum should be so made that air currents cannot 
be set up inside, thereby causing flickering of the arc; ventila- 
tion should be sufficient so that light may be kept on at full 
intensity with shutter closed or other means adopted for keep- 
ing the light burning at lower intensities with shutter closed 
and bringing it to full intensity instantly upon opening of shutter. 
It is also considered advantageous to have a permanent am- 
meter and voltmeter mounted on the searchlight drum, or a 
connection.on it so that portable instruments can be connected. 
А ground-glass finder which shows the position of the arc, the 
arc length, and the variations of the positive crater from the 
focus of the mirror 1s considered an essential in a properly de- 
signed searchlight. The mirror should be so secured that it 
may be readily removed and the mirror and front door strips 
should be mounted in such a manner as to eliminate shock 
and breakage. 

The rheostat used in connection with searchlights consists 
of two parts: a fixed and a variable resistance. А certain amount 
of fixed resistance is necessary to overcome the natural unsta- 
bility of a carbon arc and its value must be at least sufficient 
to give a voltage drop in the resistance equal to one-half the 
arc stream voltage. Тһе variable resistance 1s necessary in 
order to obtain the proper arc voltages for various carbons 
and various lengths of line. Тһе resistance elements must 
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he of sufficient area to carry the maximum currents used with- 
out undue heating of any parts and of such material that the 
resistance does not change excessively with temperature changes. 
The steps should be not greater than one volt each. 

The efficiency of a searchlight mirror depends upon its true- 
ness to parabolic form, its trueness of surface grinding, the 
color and structure of the glass, and the thickness of the glass. 
The losses in searchlight mirrors are due to stray rays outside 
of the conical beam and to absorption in the mirror. The in- 
tensity of illumination on a distant object, provided equal 
amounts of light fall on the mirror, is dependent on the eff- 
ciency of the mirror and the angle of dispersion (that is, at a 
distance, the area of the illuminated plane normal to beam). 

The relation between the focal length and diameter of the 
mirror should be such that the effective angle ф should include 

the majority of hght given off by thearc. By 


increasing the focal length, the diameter of 
mirror remaining constant, the ratio of the 
light falling on the mirror to the total given 


7" out by the arc is decreased but also the angle 
of dispersion is decreased, therefore, the 
correct focal length is that which, changed 

in either direction, decreases the foot-candle illumination on 
a distant object. If we increase the diameter of the mirror 
at the same time as the focal length is increased, the angle ф can 
be maintained constant and at the same time the dispersion 
decreased, thus giving greater intensity of illumination on a 
distant object. Оп board ship, however, the size of the search- 
light and thus the diameter of the mirror is limited. А greater 
focal length is also of advantage in that it takes the arc farther 
from the mirror and thus decreases the chances of breakage 
of the mirror due to the heat of the arc. 

In determining the efficiencies of searchlight mirrors, various 
tests are carried out: 

(a) The Line or Screen Test. If we imagine a section taken 
through the center of the mirror, a curve is obtained whose 
curvature should vary in a regular manner from the center 
towards the edge, but the curve will take a wavy form instead 
if the surface has not been accurately ground. | ] 

The mirror is erected opposite a screen on which are painted 
two systems of parallel straight lines at right angles to one 
another. Тһе image of these lines is photographed by a camera 


Mirror 
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placed back of the hole in the center of the screen. If both 
surfaces of the mirror are properly ground the lines in the photo- 
graph should be regular but not necessarily straight nor parallel. 
This test does not show if the mirror is parabolic or not. 

Ап illustration of a mirror showing this test is given in Fig. 1. 

(b) The Sun or Zone Test. А perfect mirror should reflect 
rays from a point of light situated at its focus, in parallel straight 
lines. It must, therefore, also have the property of bringing 
a parallel beam of light, as from the sun, to a focus in a single 
point. “This as made, consists in placing the mirrors in a plane 
perpendicular to the sun's ravs and photographing the re- 
flected focal point, brought out in contrast by blowing smoke 
on it. 

An illustration of this test is shown іп Fig. 2. 

(c) Beam Photometric Tests. It is considered that the most 
reliable test of mirrors is to actually mount them іп а search- 
light, place a constant source of light in the focus, and at a 
standard distance measure the actual foot-candles of illumi- 
nation throughout the entire beam. The focal point of a 
mirror to be tested is first accurately obtained (our method 
being to place two mirrors exactly parallel with each other 
about 30 ft. apart and place a concentrated filament lamp 
approximately at the focal point of the second and measure 
accurately the focal length of the first); the mirror under 
test is then mounted in a searchlight frame held in a 
fixed position, a concentrated filament lamp placed accurately 
іп the focus (a 50-watt lamp is used) and at a standard distance 
measure the foot-candles by a portable photometer. These 
foot-candle readings arc usually obtained every four inches 
across the beam on two lines perpendicular to each other and 
passing through the center. For the larger size mirrors 200 
feet has been taken as the standard distance. Curves obtained 
in this test are shown in Fig. 3. 

By calculating the amount of light flux falling on the mirror 
and that received on the distant object the losses in the mirror 
may be found and the coefficient of reflection obtained. 

In a number of cases, mirrors which showed nearly perfect 
grinding and sharp focal point, as deternuned by the first two 
tests, were found on this third test to reflect less hght than 
other mirrors which had shown much poorer results on the 
screen and zone tests. 

The lamp mechanism of a searchlight should be such as to 
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keep the crater of the positive carbon at the focus of the mirror, 
should keep the arc length that which is desired, should carry 
the current of the carbons, should contain mechanism for ro- 
tating at least the positive carbons, should be sufficiently rigid 
to keep the carbons in proper alignment, and should require 
little care and adjustment. 

An illustration of the Beck lamp mechanism is shown in Fig. 4. 
Both carbons are rotated for the purpose of keeping surfaces 
bathed in the inert gas and to keep the arc central and thus 
promote evenness of burning. The positive holder is fixed, 
the carbon being fed through it at such a rate that the crater 
is always maintained at the focus of the mirror; the rate of 
feed is controlled automatically, a small mirror being placed 
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Fic. 3—CONCENTRATED FILAMENT LAMP TEST OF THE NAvy STAND- 
ARD 36-IN. SEARCHLIGHT MIRROR TAKEN IN FOOT-CANDLES ATA DISTANCE 
OF 200 FT.—50 WATT. 6-VOLT, CONCENTRATED FILAMENT LAMP USED 


in the drum which, when the carbon feeds too slowly, reflects 
a small beam on a thermocouple, and closes a relay circuit 
which by means of a solenoid quickens the feed. When the 
carbon is back in focus the small beam of light is off the thermo- 
couple and the feed is slowed down. In addition, the feed may 
be controlled by hand. The negative carbon feeds through 
the negative holder in a similar manner, except that the control 
is by hand. The negative holder is also fixed except when 
striking the arc, when it is moved up by a striking motor. 
During tests recently conducted on searchlights, the Beck 
lamp mechanism functioned very satisfactorily; variation of 
the crater of the positive carbon from the focus was about 
lmm. (hardly noticeable) and the arc length was kept practically 
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constant. No trouble in maintaining the arc was experienced 
while rotating both carbons, the crater of the positive carbon re- 
mained even and there was no noticeable hissing and jumping of 
thearc. Ontheother hand, while the standard motor-controlled 
lamp mechanism functioned successfully, maintaining practically 
a constant voltage, the arc length did not remain constant and 
the positive crater did not remain at the focus, due to the im- 
practicability of constructing positive and negative carbons 
which will be consumed at a certain given ratio. Also the 
positive crater tended to wander over the surface of the positive 
carbon with the result that one side would project and the other 
recede causing a hissing arc and making it necessary, in order 
to obtain any consistent results, to shut off the light and turn 
the positive carbon by hand about cvery 15 or 20 minutes. 

We now come to the arc, probably the most important part 
of the searchlight and also the one least understood. There 
have been numerous treatises written on the arc, but it has been 
always discussed from the general illuminating side and with- 
out much consideration of its uses for searchlights. Para- 
graphs have been written in some illuminating treatises on the 
searchlight arc, but it has in gencral been given scant attention. 
This is probably more or less natural, for the authors of these 
books were not especially interested in searchlights, and, as 
a rule, had had very little experience with the subject. 

The desired searchlight arc should excel in the following 
particulars: 

1. Small positive carbons with high current densities and 
thus high crater temperature throughout crater area, which 
gives high intrinsic brilliancy. Intrinsic brilliancy is the lumin- 
ous intensity per unit arca. 

2. Small negative carbons. 

3. Long arc length, that is, distance between positive crater 
and negative point. 

4. Uniform mixture of carbon so as to help the evenness 
of burning. 

The Beck searchlight may be considered as being especially 
designed to meet the above requirements and therein lies its 
marked superiority over the searchlights now in use. 

In a searchlight the angle of dispersion 1s directly dependent 
on the diameter of the source of illumination, provided the 
focal length 15 constant, and if the diameter of the source can 
be decreased one-half while the candle power remains constant, 
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the intensity of light on the target would be quadrupled. Ас- 
tually in the Beck light, the positive carbon is reduced one-half 
and at the same time the candle-power is increased so that 
greater efficiencies are obtained. 

To illustrate the effect of arc length on candlepower it may be 
stated that with a circular plane radiator (the crater of the 
positive carbon approximates such a radiator) the maximum 
candlepower is obtained on the vertical axis of the radiator as 
shown by the sketch. Неге we have 7, = maximum intensity, 
and I, = І, cos 0. Thus the smaller the angle the 
greater the maximum intensity of light falling on the 
mirror. With positive and negative carbons of a fixed 
diameter the angle 0 depends upon the arc length, 
being the angle of partial shadow on the mirror pro- 
jected by the negative carbon cutting off through 
this angle the light rays emitted by the positive 
carbon. This may be more clearly expressed by the formulas 

Ie = І, 4 tan Ө where L, = the normal intensity as before. 

Ig = the intensity at any angle 0 from the normal and 

wr-S 


q = uo °: where r = radius of positive carbon and 


S = the area of overlap of the negative on the positive for 
the angle 6. 
The light intensity is reduced by the shadow of the negative 
carbon only for those angles of @ which are smaller than 


tan 0 = ЕК". where 


r = radius of positive carbon, 

rı = radius of negative carbon, 

l arc length. 

Thus it is seen that to decrease the angle of shadow it is neces- 
sary to increase arc length or decrease the diameter of negative 
carbon. The arc length is restricted to the stability point of 
burning. 

In Fig. 5 is shown by curve the increase of candle power 
with increase of arc length; the candle powers are taken at 
40° from the normal to arc surface and are approximately the 
maximum. 

The arc length of the Beck lamp is maintained constant at 
about # in. as compared to about 5 in. obtained at 60 volts in 
the standard 36-in. lamp. 
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Fig. 6 shows the variation of arc voltage with arc length as 
determined on a set of ordinary 36 in. carbons with constant 
current of 110 amperes. 

It is, of course, well known that carbon is the most refractory 
of all known materials, boiling at about 4000 deg. cent., but it 
unfortunately commences to evaporate at a much lower tem- 
perature (about 1800 deg. cent.), so that in an ordinary arc 
very little of the total area of the end of the positive carbon is 
at the melting temperature, a small wandering spot being the 
real efficient part of the carbon, and the rest of the end of the 
carbon is consumed at a much lower temperature, giving off 
less intense rays and a longer wave length. This may be readily 


DISTANCE IN INCHES 


Fic. 5—CANDLE POWER-ARC LENGTH CURVE TAKEN AT А POINT 
40 DEG. FROM NORMAL TO THE ARC SURFACE—NAVY STANDARD CARBONS 
—CuRRENT NORMAL 110 AMPERES 


seen іп comparison of the Beck and ordinary arc by the color 
of the arc. 

In the Beck arc the ends of the positive and negative carbons 
are enveloped in the hydrocarbon vapors which prevents the 
consumption of the carbons at a lower temperature, by keep- 
ing oxygen from them, in addition it cools the outer shell of the 
carbons, the gas being at a temperature of about 1000 deg. cent., 
and thus concentrates the current in the center of the carbons 
thus a current density greater than 0.75 amperes per sq. mm. 
is obtained, and the total crater of the positive carbon reaches 
a very high temperature. The current is brought to both car- 
bons near the ends by roller contacts so the only part having 
this high current density is the part protected by the indifferent 
gas. The positive carbon is cored with a rare earth with a 
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melting point at about 3500 deg. cent. Тһе positive develops 
a deep crater, about 12 mm. deep, filled with incandescent gas. 
The sides of this crater reflect the light radiation to the focus 
of this crater and in addition, the light from the negative is 
reflected, so it is believed nearly true black body radiation 
is obtained; and by adjusting the focus of the crater to focal 
point of the mirror the high peak in the luminosity curve of the 
beam is thus accounted for. 

The area of the Beck positive carbon is 201 sq. mm., the 
area of the ordinary 36-in. light positive carbon is 805 sq. mm. 
In the Beck light the maximum intrinsic brilliancy is greater 
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than 438 с.р. persq.mm. The intrinsic brilliancy of an ordinary 
carbon arc varies from 120 c.p. per sq. mm. to 160 c.p. per sq.mm. 

In addition to the black body radiation obtained from the 
crater, there is evidently a large amount of light radiated from 
the incandescent gas in the crater, of a selective nature. It 
would probably at first be thought that this gas should follow 
Kirchhoff’s laws and absorb the lines which they naturally 
radiated, giving the Fraunhofer lines seen in the sun's spectrum, 
but in this case the incandescent gas is at a higher temperature 
than the crater and the spectrum shows positive lines appar- 
ently superimposed on the regular temperature radiation. 

It is noticed that taking the Beck carbons and starting 
at a low current density a luminous arc stream as of a typical 
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white flame arc is obtained, the anode being convex. As the 
current density is increased the anode becomes concave and 
the anode stream disappears, apparently being confined to the 
crater of the positive carbon, leaving only the lower tempera- 
ture and less luminous cathode stream. The temperature of 
the incandescent gas within the positive crater is estimated 
to be between 5000 and 5500 deg. cent. Two views of the 
Beck carbons burning with normal current densities are shown 
in the illustrations, Figs. 7 and 8. 

For the luminous power J;, which reaches the eye of the 
observer, we have the following equation: | 


Лл =-4 (1 -Р)® K 


J = Luminous power of the searchlight. 

L = Distance of illuminated object (under the assumption 
that the observer 1s near the searchlight). 

P = Absorption by the atmosphere. 

K = The coefficient of reflection of the illuminated object. 


Thus if we assume that a searchlight of certain illuminating 
capacity makes it possible to easily distinguish an object at 
4000 meters, than a searchlight of four times the illuminating 
capacity will carry 5300 meters, assuming that the absorption 
of the atmosphere is 10 per cent per kilometer and that the 
object is equally well distinguished in each case. 

It is very hard to compare two searchlights by the eye, but 
during the test conducted, both searchlights were lighted (Beck 
and Navy 36-in.) and first one and then the other was turned 
on the same object with the result that objects not distinguish- 
able, except in a hazy way, with the Navy 36-in. were plainly 
outlined by the Beck light. It is apparent to the eye that the 
Beck light is more of a bluish white light than the standard; 
the ordinary searchlight beam looks yellow in comparison. 
The aggregate quantity of blue and violet rays in the Beck beam 
is about 23 per cent. At low intensities of illumination the 
maximum sensation to the eye for the same strengths of illu- 
mination shifts toward the blue end of the spectrum, while at 
higher intensities of illumination the maximum sensation for 
same strengths is toward the ycllow part of the spectrum. This 
shifting of the relative sensations for different intensities of 
illumination is a well known phenomenon called the Purkinje 
effect. It is thus seen that the Beck light 16 particularly good 
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for picking up distant objects where the illuminative intensity 
would be small. 

It is also a well known fact that a colored body reflects the 
colors from the rays falling on it 
which the body itself contains, and 
absorbs the rays which it does not 
contain; the Beck light being 
strong in the short waves of light 
would thus be particularly effec- 
tive in picking up objects of a 
bluish color, such as the various 
classes of ships painted bluish gray. 

An illustration is shown, Fig. 9, 
of the Beck light and of a standard 
36-in. searchlight, the upper beam 
being that of the Beck light and 
the lower of the standard light. 


Center Line of Beam 


FOOT - CANDLES 


40 20 0 
ANGLE TURNED IN MINUTES 
72 48 24 о 2 48 72 : . ; : : 
| ИРИ 2) Comparative night illumination 
Fic. 10—Foor-CANDLE Power- tests were conducted between 
DISTANCE CURVE OF THE Beck Standard 36-in. and 60-in. search- 
44-IN. SEARCHLIGHT TAKEN AT lights and the 44-in. Beck search- 


A DISTANCE OF 2850 FT.—LAMP light. The Beck searchlight beam 


BURNING NORMALLY 
was a more concentrated beam 


than that obtained from either the 36-in. or 60-in. beam 
of the standard lamp and the color of the Beck beam was 
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and 60-in. searchlights. With the carbons burning in a normal 
condition and placed in the proper focal centers of their respective 
mirrors, foot-candle-power readings at intervals of 24 ft. were 
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taken across the beam at a distance of 2850 ft. from the search- 
lights. Figs. 10 and 11 show the illumination across the beam 
of the Beck searchlight compared with the 60-in. standard search- 
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light. From these two curves it can be seen that the maximum 
illumination obtained from the Beck light is approximately 
2; times as great as that obtained from the standard 60-in. 
In the Beck searchlight the beam 
shows a very high illumination at 
the center and falls off very rapidly 
at the edge of the beam. The other 
figures, 12 and 13, were obtained 
in comparing the Navy standard 
36-in. searchlight with the Beck 
light. The figure containing the re- 
sults of the 36-in. standard search- 
light consists of five curves; the 
curves indicated by 1, 2 and 3, 
are plotted from actual results ob- 
tained; curve 4 is a resultant of 
curves 1, 2 and 3, and curve bis © © 2% 0 | 2% n 60 
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tant curve of these three. From the comparative data obtained, 
it can be seen that the illumination obtained with the Beck 
searchlight is about five times as great as that obtained from 
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the standard light. Тһе spherical сап е power of the Beck 
arc was measured and the results obtained are shown in Fig. 14. 
The maximum candle power obtained with the use of our 
present Navy standard carbons is 45,000 candle power, as 
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against 88,000 candle power obtained from the Beck lamp. A 
zonal candle power curve of standard 36-in. carbon arc with arc 
voltage at 60 volts is shown in Fig. 15. 

The results shown in Figs. 10, 11, and 13, are relative only, 
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and cannot be used to determine the zonal candle power of the 
beam reflected from the mirror. The absorption of the at- 
mosphere would have to be taken into consideration to obtain 
the actual candle power of the beam; the results obtained in 
Germany with this same light were much higher than those 
shown here, but the relative intensities between the ordinary 
arc and the Beck arc were approximately the same. 
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А 100,000-VOLT PORTABLE SUBSTATION 


BY CHARLES I. BURKHOLDER AND NICHOLAS STAHL 


ABSTRACT OF PAPER 


Expanding needs of the Southern Power system, paralleled 
many miles by railroads, required a flexible-connection trans- 
former relay of large capacity, easily portable, and self-con- 
tained on a single car. The equipment in operation is of 4000 
kv-a. actual capacity, and provided with high- and low-tension 
switch gear, instruments, pancl, wiring and cables, oil-insulated, 
self-cooled transformers with motor-driven blower for forced air 
draft, special means of establishing the high-tension delta with 
100,000-volt clearances, after transformer terminals and high- 
tension switches have been raised by a portable derrick, from 
receptacles where all fragile parts are protected from malicious 
tampering. Besides meeting standard freight car requirements 
for transportation, substantial, specially braced trussed super- 
structure 16 provided for supporting cabs and switch gear, which 
latter, as well as transformer terminals, must belowered, during 
transit, to meet railroad clearances. Unusual flexibility of 
voltage connections is secured, contributing largely to the suc- 
cessful operation. 

Current for lights, instruments and blower motor is obtained 
from auxiliary transformer windings incorporated with the 
main units. 

Low-tension arrangements allow operation at various volt- 
ages with minimum switching. ^ 

Тһе entire equipment 15 designed for simplicity and dispatch 
in disassembly for transit, and reassembly in new location. 


N JULY, 1914, there was put into service on the system of 
the Southern Power Company, a portable transformer 
substation, unique in several respects, particularly so in the 
actual capacity of 4000 kv-a. and in the adaptation of the 
apparatus for operating voltages as high as 100,000. 

The idea originated from the growth of the Southern Power 
Company, the need for some means of extending, at will, the 
connections of the system, and the somewhat unusual trans- 
portation facilities along its transmission lines. 

At present, about 1000 miles of 100,000-volt circuits are in 
operation, with nearly 550 miles more of 44,000-volt lines, 
besides perhaps 90 miles at 13,200 volts and the regular dis- 
tribution circuits at 2200 volts. Тһе high-tension circuits are 
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connected in the multi-meshed network shown on the map, 
Fig. 1.. The connected transformer capacity, step-up and step- 
down, is approximately 365,000 kv-a. Closely parallel to these 
circuits run, for an aggregate distance of about 700 miles, one 
or more of the following railroads: Southern, Seaboard Air 
Line, Atlantic Coast Line, Piedmont & Northern, and Clinch- 
field, thus offering a tempting opportunity, denied to trans- 
mission systems remote from railroad facilities, for the use of 
a portable substation equipped to serve a varictv of purposes, 
especially as the territory served contains many mills and towns 
along the right of way, where sidings are available. 


FUNCTIONS 


Such a station must be capable of supplying adequate trans- 
former relays for the following uses: 

1. Spare capacity for even the largest stations. 

2. Temporary replacement of a distributing or tie-in sub- 
station being enlarged or rebuilt. | 

3. Break-down replacement of a substation. 

4. Emergency stand-by service to or from neighboring 
transmission companies, central.stations or isolated plants. 

5. “ Pioneer service" at town or mill, pending the determ- 
ination of the proper permanent substation equipment. 

6. Tentative service for mill or other prospective customer. 

7. " Power solicitor service" with those needing power 
immediately. 

8. Miscellaneous emergencics. 


REQUISITE CHARACTERISTICS 


To perform these functions satisfactorily, the equipment must 
(a) admit of transport over standard steam and clectric rail- 
ways, t.e., not exceed the limiting dimensions and weights in- 
volved in passage through tunnels, over bridges or under tracks; 
(b) make such parts as would, in service, extend beyond rail- 
road clearances, capable of easy and rapid disassembly and, 
after transport, similar reassembly ready for operation in the 
new location; (c) insure obtaining suitable nominal voltage for 
both transmission and distribution circuits; (d) admit of vary- 
ing these nominal voltages by moderate gradations to meet 
line-drop conditions at various places; (e) furnish suitable high- 
and low-tension switch gcar. instruments and metering devices; 
(f) protect fragile parts from damage by malicious mischief, 
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while in transit or unattended during out-of-service periods; 
(g) carry all accessories for a self-contained unit, such as lift- 
ing devices for extensible parts, spare breakable apparatus, 
etc.; (Л) conform to requirements of Interstate Commerce Com- 
mission for freight car service. 

The problem of combining these characteristics to eon 
the desired functions found its chief difficulties of solution in 
carrying safcly on a single car the weights incident to such 
high-powered apparatus, and insuring the necessary clearances 
for the high-voltage circuits; the successful solution is due in 
large measure to Mr. George N. Lemmon for the treatment of 
the various parts so as to render unnecessary any changes after 
installation. 

The question of weight involved symmetrical loading of the 
car without prejudice to the workability of the apparatus, 
while proper clearances for 100,000-volt circuits within the 
space limitations of a single car ( an essential criterion established 
by the operating company) made necessary the choice of air- 
break switches of the horn type with wide spacings from pole 
to pole, and horns located above other apparatus to allow the 
arcs to clear. 


DESCRIPTION OF EQUIPMENT 


General Arrangement. Three 1000-kv-a. transformers, three 
high-voltage horn gap switches, and two enclosed cabs, are 
arranged alternately along the length of the car, and occupy 
the entire floor space except for a railed-in walkway for train- 
men at one side. Each transformer weighs 29,000 1b., and one 
is located over each truck, with the third placed near the center. 
Six built-up steel columns, with latticed struts, guy rods, and 
cross bracing provide supports for the high-voltage switches, 
and also form a rigid framework to which the cab sheathing, 
іле oil switches, and the switchboard are attached. See Figs. 
2 and 3. 

The principal dimensions of the car are: 


Length OVER Sills es x мыл ee onwards а ee oat 38 ft. Oin. 
Width over sills uus trem Esdr x hate dern 9 ft. Oin. 
Trück -GODnLepSeiculnee ре P АА SCA E SUUS 26 ft. 0 in. 
Height from top of rail tocar floor.............. 3ft. 7 in. 
Wheel base of each (гасЕ...................... 5 ft. 2 in. 


Тһе trucks are diamond truss type, M.C.B. standards, ca- 
pacity rating 120,000 lb. exclusive of car. Тһе main framework 
consists of two center sills of 15-in., 55-Ib. channels reinforced 
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by 3-in. by 3-in. angles, and extending the whole length of the 
car, 38 ft. End and side sills are 12-in., 40-lb. channels with 
side truss rods. Bolsters are built up of plates and angles. 
Cross beams аге 6-in., 8-lb. channels. The floor is 1-іп. steel 
plate. Cross beams are arranged in pairs to suit the holding- 
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down bolts of the transformers, which are thus sccured directly 
: to the car frame. | 

Buffers, draft-gear, air-brakes, springs, Journal-boxes, and 
axles are provided to accord with standard M.C.B. require- 
ments, as well as the wheels of 33-31n. diameter and standard 
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tread. The steps, grab-handles and hand-brakes are of the 
standard freight car type. 

High-Tension Switches. Three double-break horn-gap switches, 
specially designed for 100,000-volt service, are arranged trans- 
versely on the car, each being carried on a steel base which, to 
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secure proper clearance height for the horns, slides vertically 
inside the main columns, and can be raised or lowered by means 
of two small windlasses, operated by men stationed at each side 
of the car. Simultaneous service operation of the switches is 
obtained by means of a pipe rod connected to a crank on each 
switch. 

The switch bases slide up and down in guides made of one 
1-in. and two 4-in. channels, and 
each switch has four insulators 
of the post type, comprising 
six 14-in. porcelain disks. The 
blade is of special brass ісе, 
pivotally mounted on the two 
central insulators, thus giving 
a break between a pair of horns 
at each end of the blade, as 
shown in Fig. 4. The total 7 
clearance between the terminals || / ПЕ sommes 
of an open switch 15 6 ft. Each "| fiw coms Teawsnetanos 
insulator weighs 175 lb., the | 
total weight of cach unit raised | 
or lowered being 950 Ib. | 

The passage-way for trainmen 
and operators limited the dis- 2] 
tance the switches might be 
lowered, and hence 1% was neces- 
sary to make the horns detach- 
able by simply bolting each horn 
in position. 

The columns serving as switch guides are braced at the top 
by latticed struts and diagonal rods with turnbuckles, this 
structure thus also providing the main supports for the cabs, 
and the necessary cross-bracing is, in turn, incorporated in the 
walls of the cabs. 

High-Tenston Delta. To establish the high-tension delta with 
sufficient clearance for 100,000-volt operation, the second and 
third transformer terminals shown in Fig. 8 (counting from 
the left) are connected directly to the inboard end of the middle 
switch, while the fourth and fifth terminals similarly connect 
with the right-hand switch, the first terminal joining the left- 
hand switch directly, and the delta is closed by bringing to 
this switch a lead from the sixth terminal by means of two post- 
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type insulators with special bases which hook over the latticed 
strut so that the insulators lean outwardly at an angle of about 
45 deg., and require no bolts for proper support. 

Transformers. For obvious reasons, oil-insulated, self-cooled 
transformers were the only admissible type. Space limitations 
in height, however, were imposed by tunnel and bridge clear- 
ances, and likewise in width both by the necessity for sym- 
metrical truck loading and by the Interstate Commerce Com- 
mission requirement of a passage-way for trainmen; similarly 
in length, by the desirability of keeping down the over-all length 
of the car, as well as by considerations of normal transformer 
design, which apply also to undue proportions in the other di- 
mensions. | 

Thus arose the necessity for provision of additional cooling 
arrangements, which were secured by a 20-h.p. motor-driven 
blower having capacity for 20,000 cu. ft. of air per minute at 
1 oz. pressure, forcing air from the cab, shown on the right in 
Fig. 8, through suitable ducts surrounding the base of each 
transformer, and up along the corrugations. The supply of 
this air can be regulated by shields or screens at the trans- 
former base. These screens are adjustable in height, acting 
as valves to the air, which, as experiment shows, closely hugs 
the corrugations, so that it 1s not necessary, for adequate cool- 
ing, to carry up an enclosing casing further along the sides 
of the transformer. 

А hinged portion of the cab sheathing, which is padlocked 
shut in transit, is open when in service, and serves as an awn- 
ing-like protection for the blower intake, while allowing free 
access of air to it. | 

To allow transport through tunnels and under bridges, it 
is necessary to house the transformer terminals, and to lower 
the lower tension switches. In the case of the transformer 
terminals, this is accomplished by rigging from the latticed 
strut structure, forming the top of the frame work above the 
car, a wooden derrick, the parts of which are carried as car 
equipment. With this derrick the terminals are lowered through 
openings in the tops of the cabs, where special steel racks are 
provided for these terminals, including sheet steel cylinders, 
which cover the ends of the terminals normally under oil, 
and prevent the entry of moisture to the condenser type 
bushings. 
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Flexibility of Connections. 
ing high-tension voltages: 
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It 1s possible to secure the follow- 


100,000 69,466 43,066 
96,533 66,666 40,266 
93,066 66,000 39,600 
89,600 63,200 36,800 
86,800 60,400 34,000 
86,133 59,733 33,333 
83,333 56,933 29,866 
82,666 06,266 30,533 
79.866 53,466 27,066 
79,200 52,800 ` 26,400 
76,400 50,000 23,600 
73,600 47,200 20,133 
72,933 46,533 16,666 
70,133 43,733 13,200 


The current-carrying capacity of the windings is such that 
28 out of these 42 possible high-tension arrangements can be 
used with rated capacity output from the transformer (1000 
kv-a.) without exceeding, in continuous opcration, a tempera- 
ture rise of 40 deg. cent. 

Low-tension windings provide for full capacity output at 
2200, 4400, 6600 and 13,200 volts. 

Therefore, out of the 168 possible ratios of transformation 
112 of these combinations can be secured with full capacity of 
the transformer. 

Auxiliary Transformer Windings. Small lcad-covered leads 
are also brought out from the low-tension sides of the trans- 
formers from separate single-phase windings for 110 volts and 
of 10 kv-a. capacity each, which provide: first, current for the 
blower motor, regardless of what тау be the high-tension or 
low-tension voltages of the main windings; second, lighting for 
the car; third, source of voltage for the instruments. 

The Low-Tension Delta is established inside the switch cab 
shown on the right in Fig. 9, the leads being brought by the 
heavy lead-covered cables indicated, to a point near two switches, 
the far sides of which are connected together, and jointly feed 
the outgoing low-tension leads, which pass out of the rear wall 
of the switch-cab, through porcelain bushings let into a treated 
wooden terminal block, shiclded-from drip from the eavcs. 

Wiring and Switch Gear. High-tension wiring is bare copper. 
All low-tension wiring is lead-covered cable, the main leads 
being insulated for 13,200-volt operation, and of sufficient 
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capacity to carry full transformer output when operated at 
2200 volts. 

Suitable voltmeters, ammeters and watthour meters are 
mounted on an appropriate panel, also containing the operating 
handles for the low-tension oil switches. 

In order to provide proper metering equipment for the lowest 
voltage (2200), as well as the highest, (13,200), of the low- 
tension arrangement, two sets of series transformers are used 
and so operated from a pallet-switch, mounted on one of the oil 
switches, that when one of these switches is opened, the cor- 
responding series transformers are short-circuited, and the 
series transformers for the other oil switch are connected to ' 
the metering devices. It was mainly to make “ fool-proof”’ 
this part of the equipment that two interlocked low-tension 
switches were provided, both insulated for 13,200-volt oper- 
ation, and one with adequate current carrying capacity for full 
output at 2200 volts. 

General Comments. The type of steel work selected affords 
ample mechanical rigidity for stability of operation and trans- 
port, and at the same time sufficient flexibility to withstand 
injury from the rough handling incident to switching operations 
on steam railroads. 

No wood is used in the entire station, except for window 
sashes, and the outgoing low-tension terminal block. 

Special attention was given to the accessibility of аЛ parts 
and сазе of removal in case of accidental damage, as well as to 
the protection of all parts that might be bable to malicious in- 
jury while the station was out of service. In addition to safe- 
guarding the high-tension insulators for both transformers and 
switches, this includes such items as oil gages, thermometers, 
oil valves, blower intake, etc. 

The total weight of the instailation, including car, is approxi- 
mately 135,000 1b., and the cost of such an installation, complete 
and ready to run, is approximately $21,000.00, or $7.00 per 
rated kv-a. 

To place the equipment in service, it is first shipped by rail 
to the most convenient switch or siding, where proper high- 
tension voltage connections are made on the transformer ter- 
minal board reached through a hand hole in the cover. Тһе 
derrick is then erected and the high-vension terminals аге 
raised out of the cabs, placed in the transformers and connected 
to the terminal,boards. Then the horn gap switches are raised 
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to position and connected to the operating rod, the delta in- 
sulators are hooked into place, connections are made between 
switches and transformer terminals, and the station is ready 
for connection to the lines. To provide additional room for 
operators, the racks which support the transformer terminals 
during transportation can be removed and placed at the back 
of each cab. 
. It should be noted that the station is self-contained and all 
parts of the equipment are transported on the car when in transit. 
Fig. 2 gives a line diagram of thc apparatus and connections. 
Figs. 5 to 8 show various stages in the process of placing the 
station into operation after its arrival on a siding at Kings 
Mountain, North Carolina, where it replaced а 3000-kv-a. 
substation undergoing reconstruction. Fig. 9 shows the en- 
trances to the cabs, and Figs. 10 and 11 show the station in actual 
service at Hickory, North Carolina, connected to the 44,000- 
volt circuits, and carrying a load of approximately 1000 kv-a. 


OPERATION 


Although the main transformers are nominally rated at 1000 
kv-a. each, test results show heat dissipation such that the sta- 
tion may have an output of 4000 kv-a. without exceeding stand- 
. ard temperature rise. On the same basis the permissible sta- 
tion capacity, without the blower, 1s easily 2000 kv-a. 

Тһе station was first put into commission at Kings Mountain, 
N. C., and was run there from July 12 until July 26, 1914, con- 
nected to the 44,000-volt transmission system, stepping down 
to 2200 volts, carrying an average load of 2200 kw., consisting 
of cotton mills and the city municipal lighting and power re- 
quirements. Ай this particular point the permanent substa- 
tion had become outgrown and it became necessary to rewire 
and enlarge tt. Instead of putting in temporary work, the port- 
able substation was located on an adjacent railway siding and 
tapped to the main transmission bne on the primary side. The 
various feeders from the permanent station were connected 
to an outside bus which was in turn connected to the low-tension 
terminals of the portable substation, thus cutting out the main 
substation entirely. This work was all done with practically 
no interruption of service to the city or the manufacturing 
interests, and permitted the work of rebuilding the permanent 
station to be done economically and expeditiously. 

On the night of July 30th two of the three 44,000-volt trans- 
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formers permanently installed in the substation at Hickory, 
N. C.,failed during a lightning storm. Тһе portable substation 
was immediately forwarded to this point and picked up the 
entire load of the permanent substation at 3.30 a.m. August 4th, 
and remained in operation until August 27th, carrving an 
average load of 1000 kw., consisting not only of cotton mill 
requirements, but also of municipal light and power require- 
ments of the city. Тһе permanent substation at this point is 
located about two miles from the nearest railroad siding. А 
2300-volt circuit extended from the permanent station to the 
mil which was adjacent to this railroad siding. Іп order to 
pick up the total load of the permanenti substation the top of 
the 2300-volt line was rebuilt so as to accommodate thrce 44,000- 
volt conductors, and the 44,000-volt line was extended over 
this line to the railway siding. Тһе portable substation was 
then connected to this 44,000-volt line, and the 2300-volt circuit 
was uscd to transmit current back to the permanent substation 
and from there distribute it over the regular lines; the 2300- 
volt line being of comparatively small size, 14 was necessarv to 
operate at a somewhat increased voltage in order to compensate 
for the line drop, and in order to take care of the mill immediately 
adjacent to the portable station two bucking transformers 
were installed, by which means the voltage for this mill was cut 
to the proper valuc. 

On August 27, 1914, the substation supplying one of the mills 
in the vicinity of Winston-Salem was badly damaged by fire and 
the portable substation was immediately shipped to that point, 
and the service was restored at 3:30 p.m. on August 30th. The 
station remained in operation at chis point from August 30th 
until October 18th, carrying an average load of 300 kilowatts. 
During this run the blower was not used. The supply mains 
to the mill were 13,200 volts primary and 2200 volts secondary. 
The portable substation was used in transforming these voltages. 

When the station was taken out of service at Winston it was 
returned to Charlotte and a thorough examination was made 
not only of the apparatus of the station but also the car as well, 
and no defects of any nature were discovered. 

No difficulties of operation were experienced, and,as a matter of 
fact, the operation was as reliable and satisfactory as that of the 
permanent stations would have been. 

The station, in addition to the distance from Pittsburgh to 
Kings Mountain, has been shipped over about 275 miles of rail- 
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road in this territory, and no defects of any nature have become 
apparent. 

The housing of the apparatus is of such nature as to make it 
unnecessary to provide any cover either when in or when out of 
service. A permanent place of storage has been provided for 
this scation in the railroad yards at Charlotte. It is not neces- 
sary, however, that the station be stored where constant watch- 
fulness can be exercised, as 1t is so well housed that it is prac- 
tically impossible for anyone, so inclined, to meddle with it. 

Notwithstanding the conflicting requirements of such a sta- 
tion, and the varied functions it is called upon to perform, the 
test of experience has demonstrated the adequacy of design, and 
yielded an operation eminently satisfactory. 


То be presented at the 3d Midwinter Convention о 
the American Institute of Electrical Engineers 
New York, February 18, 1915, under the aus- 
pices of the Electric Lighting Committee. 


Copyright 1915. By A. I. E. E. 
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DIMMERS FOR TUNGSTEN LAMPS 


BY ALFRED E. WALLER 


ABSTRACT OF PAPER 


The advent of tungsten lamps for theatre lighting made 
necessary a complete re-design of the dimming apparatus. 
Dimmers designed for the control of carbon filament lamps 
. do not give smooth and flickerless regulation when used with 
equal loads of tungsten lamps. This is due to the temperature 
coefficient of resistance of the lamp filaments, that of the carbon 
filaments being negative, and that of the tungsten filaments posi- 
tve.. 

Curyes are shown to indicate the change in lamp resistance 
and candle power for various watt inputs. Curves for both 
carbon and tungsten filament lamps are shown in order to 
bring out the contrast, and a method described for determining 
the resistance per step and number of steps in the dimmer de- 
signed for control of tungsten lights. 

Following is a brief indication of commercial requirements 
in dimmer design. 


NE OF the changes brought about by the introduction 
of tungsten lamps has been a complete redesign of the 
apparatus used for lamp dimming in theatrical work. 

At the time when tungsten lamps first came into general 
use the design of theatre dimmers for carbon lamps had become 
fairly well standardized. А rheostat with 50 steps of resistance, 
and a taper of approximately 5 to 1 in ampere capacity had 
been found entirely adequate and satisfactory, and this design 
was practically universal. 

The controllers, or dimmers, to use the trade name, which 
were built to regulate the illumination of carbon lamps were 
found unsatisfactory, however, when the carbon lamps were 
replaced by lamps having metallic filaments such as tungsten. 
Metallic filaments have a positive temperature coefficient of 
resistance, while carbon filaments have a negative temperature 
coefficient of resistance. For instance if we start with two 
filaments of the same resistance, one of carbon and one of 
tungsten and raise them to incandescence, the tungsten fila- 
ment at its full incandescence will have thirty-five times the 
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resistance of the carbon filament at its full incandescence. 
On account of this disparity, the control of tungsten lamps by 
dimmers designed for carbon lamps was uneven, the lights 
flickered considerably, and, in some cases it was found that de- 
sirable lighting effects obtained in the past could not be dupli- 
cated. 

A comparison of the resistance characteristics of the carbon 
and tungsten filaments in actual operating conditions served 
to indicate the reason for this difficulty, and it is by reviewing 
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this comparison that the problem may be most readily under- 
stood. 

The curves shown in Figs. 1 and 2 were plotted from a table 
of readings obtained by varying the potential at the terminals 
of a test lamp, in two-volt steps from zero to 126 volts, and 
recording the amperes flowing and candle power emitted at 
each step. The lamps used were a 40 watt tungsten, and a 
100 watt carbon filament lamp, both rated at 110 volts. These 
were selected because their candle power at full voltage is 
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practically the same, and an opportunity is thus afforded to 
compare the dimmers required for controlling installations of 
either type having approximately the same total candle power. 

The design of a dimmer for carbon lamps is a comparatively 
simple matter. It will be noted that curve A, Fig. 2, which is 
that of a carbon lamp, has very little inclination between the 
10 watt and 100 watt abscissas. This indicates that there is 
little change in resistance of the carbon filament between 
these points, which represent approximately the practical work- 
ing range of the lamp. In order that the lamps when in use 
may be totally extinguished without opening the circuit, it is 
customary to build the dimmer with enough resistance to re- 
duce the input somewhat below 10 watts, or, in the case of this 
particular lamp to approximately 6 watts. At this input, which 
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is attained at 28 volts, the filament is at “ visible red’’—that is, 
it may be distinguished as a faint red line, if kept in a perfectly 
dark room. Not until the applied voltage is 48 volts do we 
obtain one tenth-of one candle power. 

The calculation of the resistance per step of a dimmer for 
this type of lamp would be similar to the computation of a 
generator field rheostat, or any other controller designed for 
operation 1n series with a substantially constant resistance across 
a constant supply voltage. Тһе full rated current of the lamp 
is 0.9 amperes, the minimum to which we will reduce this by 
means of the rheostat, 0.18, the line potential 110 volts, and the 
working resistance of the lamp 122 ohms approximately. 

At the minimum current of 0.18 amperes the lamp resistance 
is actually 138 ohms, but the increase in resistance takes place 
after the lamp has, so to speak, ceased to exist as an illumi- 
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nant, and for this reason, in designing it is convenient, and 
entirely satisfactory to assume the resistance as constant at 
122 ohms. The only effect which this assumption has on the 
design is to increase the resistance of the rheostat slightly be- 
yond what is absolutely necessary, thus permitting the “ dim- 
ming out” mentioned in a previous paragraph. It may be 
noted at this point that dimming to visible red is not usually 
necessary. The general requirement is met by a dimmer which 
will reduce the illumination to a point where it is no longer 
perceptible on the stage. 

A typical data card of a carbon filament dimmer is reproduced 
in Fig. 3. The steps of resistance are divided into groups, as 
will be noted, for convenience in manufacture. This does not 
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in any way alter the correct operation of the dimmers; if the 
steps are calculated one at a time it will be found that those 
adjacent vary by amounts too small to be taken into account 
in this kind of work. The change in resistance per step when 
we proceed from one group of steps to the next becomes in- 
significant if we compare the resistance of the step with the 
total amount of resistance then in circuit. 

In preparing a card such as is shown in Fig. 3 it is assumed 
that as each group of steps is cut into circuit it will reduce the 
current by 1/nth of its normal value, where the number of groups 
isn. By calculating the total ohms in circuit at each required 
current, and subtracting each total amount from the value 
succeeding, the resistance of each group of steps 1s obtained. 

It is interesting to note that the negative temperature co- 
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efficient of a carbon filament produces a change of resistance 
which supplements the action of the dimmer, whether the light 
is being raised or lowered. For instance, let us assume that 
the carbon filament lamp is burning at half normal candle 
power and is to be dimmed still lower. If another step of the 
rheostat resistance is cut into circuit, the current flowing will 
be reduced, the filament will at once become cooler and will 
increase in resistance, this increase causing a further slight 
decrease in the current. Conversely, when any portion of 
the rheostat is cut out of circuit we have an increase in current 
which raises the tempcrature of the filament, and the corre- 
sponding decrease in its resistance allows as lightly greater cur- 
rent to pass, just as if another step of the rheostat were cut 
out of circuit. In this manner, the carbon filament acts to 
assist the dimmer, step by step through the entire range of 
control. Of course this action is very slight through most of 
the range, for the lamp resistance remains practically constant, 
as already demonstrated. 

In striking contrast with this is the tungsten lamp, which 
Opposes every attempt at control, and must be regulated by 
much finer divisions of resistance to get flickerless dimming. 
As in the case of the carbon lamp, let us assume half normal 
candle power and cut additional resistance into circuit to 
obtain less illumination. 

At 110 volts this tungsten lamp gives 36 candle power, and 
the 18 candle power mark is reached with 91 volts impressed, 
and 0.317 amperes flowing. (See curves В and С, Fig. 1). 
The lamp resistance at this candle power is therefore 287 ohms. 
The rheostat resistance in scries to give this condition on a 
110 volt line is obviously 19 + 0.317 = 60 ohms. If the re- 
sistance of the lamp filament remained constant, we could reach 
quarter normal candle power by inserting 39 ohms additional 
in circuit, or a total rheostat resistance of 99 ohms. These 
data аге taken from curves В and C, Fig. 1, where it will be noted 
that nine candle power is emitted at 76 volts with 0.285 amperes 
flowing. As a matter of fact, however, the lamp resistance 
at quarter normal candle power 1s 266 ohms, so that the total 
rheostat resistance at this point must be 120 ohms instead of 
99, or approximately a 50 per cent greater increase than that 
which would be necessarv with a filament of constant resistance. 
In the same way, when resistance is cut out of circuit, in order 
to raise the candle power, it must. be reduced аба rate which 
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will compensate for the increase of the resistance of fhe tungsten 
filament with increasing temperature. 

The shape of curve B, Fig. 2, indicates that the tungsten 
filament changes in resistance throughout the entire working 
range of the lamp, and, furthermore, that the rate of this change 
is not constant. Curve B, Fig. 2, shows this more clearly than 
curve C, Fig. 1. The last mentioned curve resembles some- 
what the parabola X? = 4 p y, but does not coincide with it. 

Evidently, when designing a dimmer for controlling this 
lamp, we shall not be able to assume a constant value for the 
lamp resistance, as in the previous case. 

It would be possible, no doubt, to work out the equation of 
the curve, and make some interesting deductions by means of 
it, but bv far the most convenient method is to obtain various 
values of resistance from curve C, Fig. 1l. Bv calculating the 
resistance required in series with the lamp at various voltages, 
the correct resistance for each group and step is readily obtained. 

The marked contrast between this lamp and the carbon 
filament type is more than ever noticeable when we compare 
curve B, Fig. 2, with curve A, Fig. 2. Тһе resistance of the 
tungsten filament at full incandescence is approximately 16.5 
times its cold resistance, while the carbon filament at full in- 
candescence, is about one half of its cold resistance. Тһе one 
tenth of one candle power mark 1s reached at 48 volts for the 
carbon filament, and 28 volts for the tungsten filament. Тһе 
tungsten filament may be made visible red with 10 volts, while 
18 volts are required for the carbon filament. 

Now, if we assume a constant line voltage of 110 volts, and 
a dimmer in scries with our lamp, we may obtain from curve С, 
Fig. 1, the amperes flowing when different proportions of the 
line volts are dropped on the rheostat. Tabulating the results 
thus obtained we have: 


Volts Volts Total Increment Per cent of 
on lamp. оп гһео. Amperes. rhco. resis. of resis. total resistance. 

110 0 0.355 0 

100 10 0.335 | 29.9 29.9 2.54 

90 20 0.315 | 63235 | 33.6 | 2.86 

80 | 30 | 0.205 | 2o | 38.5 | 3.28 

70 40 0.272 | 147 0 | 150 | 3 82 

60 | 20 | о 247 | 202 0 55 0 ! + 68 

av | 80 0-222- | 2700 | 65 U | 5 19 

40 | 70 0194 | 360 0 | 9U.0 | 1.65 

30 50 0.165 | 485 0! 125.0 | 10.63 

20 90 0 127 109.0 | 224.0 | 19 05 

10 | 100 | 0.085 | 1175.0 | 466.0 | 39.60 
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After the characteristics of a suitable rheostat had been 
obtained as above, considerable experimenting was found neces- 
sary in order to determine how many steps, or subdivisions 
there should be to a group. Some eyes are more susceptible 
than others to changes in the intensity of light, and in nearly 
every case the color and form of the illuminated objects, or the 
back ground, will make an appreciable difference. To cover 
this point thoroughly, a large number of tests were made be- 
fore a group of witnesses who independently recorded their 
observations. In the first rheostat constructed, each of the 
ten groups or increments in the table was divided into 15 steps, 
this rheostat was compared, and tested with one having a total 
of 130 steps, another with 120 steps, another with 110 and a 
fifth with 100 steps. This last rheostat gave very satisfactory 
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control on a 110-volt line, but it was not considered advisable 
to use a lower number of steps, as several of the witnesses could 
detect a slight flicker at certain parts of the range when 90 
Steps were used. It will be remembered that the tungsten 
filament begins to glow at 10 volts, and if the dimmer is used 
to cut down the line volts to this point, there will be110— 10 = 
100 volts impressed upon it, or in other words, a properly de- 
signed 100-step dimmer will regulate to approximately one 
volt per step throughout the range, if used on a 110-volt line. 
It is not uncommon, however, to find lines which run to 120 
volts or slightly over, and for this reason the tungsten dimmer 
was designed with 10 groups each of 11 steps, or 110 steps 
total. Тһе values are given in Fig. 4. 

The mechanical design was accomplished by using a circular 
plate 17 inches in diameter, with two concentric rows of con- 


228 WALLER: DIMMERS FOR TUNGSTEN LAMPS (Feb. 18 


tacts as shown in Fig. 5. The contact shoes mounted on the 
rheostat arm or lever must be noiseless and very smooth run- 
ning, for flickering of the lights may be produced by uneven 
contact. Ease of mechanical movement is essential in work 
of this kind, for the most carefully designed rheostat will not 
give satisfactory control if the contacts bind or stick, and the 
contact arm jerks from point to point as the control lever is 
moved over. 

In most theatre installations the dimmers are placed at the 
top of the switchboard, and, as the number of circuits con- 
trolled is sometimes quite large, the size of plate is very import- 
ant. These 110-step plates may be mounted four inches apart 
and compare favorably in dimensions with the dimmers for 
carbon lamps which they are designed to replace. Dimmers 
for carbon lamps are supplied by well known manufacturers 
in 18-in. diameter size, and also in rectangular plates 15 by 
24 in. and 14 by 14 in. 

It will be noted in Fig. 5, which shows a modern type of 
dimmer installation, for control of tungsten lamps, that each 
plate has an individual handle. These all interlock at will 
with cams on the shaft which supports them, and it is possible 
by means of the master levers to operate any number or all of 
the plates in unison. The control handles of the bank of 
dimmers shown if the illustration are mounted оп a wooden 
template for shipment. When the apparatus 15 installed on top 
of a theatre switchboard, the bearings of the operating shaft 
are transferred to the top of the switchboard slate. This makes 
a convenient and accessible arrangement. 
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of the American Inststute of Electrical Engineers, 
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ELECTRICAL PRECIPITATION 


THEORY OF THE REMOVAL OF SUSPENDED MATTER FROM 
FLUIDS 


BY W. W. STRONG 


ABSTRACT OF PAPER 


The frictional resistance of a small particle moving through a 
fluid is given by the law of Stokes. Knowing the density and 
size of the particles and the coefficient of viscosity of the medium, 
the amount of energy required to remove suspended matter 
from fluids can be calculated. From the formulas the relative 
efficiences of the different methods used to remove suspended 
matter from gases can be obtained. From these formulas the 
electrical method is shown to be especially adapted to fine sus- 
pended particles or to a mixture of gases that can be selectively 
ionized. Ina practical case of electrical precipitation of smoke 
it is shown that approximately 4 per cent of the energy of the 
corona discharge is actually expended in the process of precipita- 
tion. 

The manner of the distribution of the energy of the corona 
discharge is discussed. The nature of the corona ionization and 
the ‘ corona " rays is also briefly described. 

The application ofthe theory of electrical precipitation is 
given so that it is possible to determine the best working condi- 
tions for precipitating a given kind of suspended matter from 
a given fluid. The theory also indicates the limits of useful- 
ness of the method ot electrical precipitation. 


THE ENERGY REQUIRED TO REMOVE SUSPENDED MATTER 
| FROM FLUIDS 


М GENERAL it may be said that the engineering problem 
of removing suspended smoke, fumes or dust from gases 
and liquids requires that these particles be given more or less 
velocity. Тһе gases or liquid usually pass through the рге- 
cipitation chamber with a certain velocity which we will designate 
as the longitudinal velocity. Ifthe suspended matter can be given 
a transverse velocity independently of the velocity of the fluid, 
we have a way of separating the suspended particles from the 
fluid. Precipitation is therefore a process of subjecting smoke, 
fumes or smoke and gases to differential forces. Examples of 
the action of differential forces are given by “ settling ” due to 
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the gravity forces, the centrifuge process (often applied in flues 
by the use of sudden changes in the direction of the flue gas cur- 
rent or in fans and centrifuge machines), the separation of sus- 
pended matter by the direct action of the electric and magnetic 
fields, or by the ionization methods as used 1n the Cottrell and 
corona mcthods of electrical precipitation. 

In all these methods of precipitating smoke, fumes and dust 
the amount of energy actually required can be calculated by 
means of the law of Stokes provided one knows the size (radius 
of the suspended particles = a) of the particles, their density 
(d), their velocity (transverse velocity V;), the number of parti- 
cles (п) per unit volume of the medium and the coefficient of 
viscosity of the medium (и). 

Ав a typical example of the precipitation of fumes, smoke or 
dust let us assume that Fig. 1 represents a cross-section of the 
precipitation chamber. Тһе length of the chamber is AB 
or L cm. and the distance between AB and CD is l 


Fic. 1 $ 
cm. Тһе longitudinal velocity of the gas through the chamber 
is Vi. In order that the fumes shall be precipitated it is neces- 
sary that they be given a velocity V, such that they will all 


u required for the 


gases to pass through the precipitation chamber. It will also be 
assumed that the particles stick to the walls and this 16 partly 
accomplished through electrostatic attraction in the electrical 
method. Complete precipitation for the chamber represented by 
Fig. 1 therefore requires the transverse velocity (V;) to carry the 
particles to either АВ or CD. We may assume that in one 
half of the chamber the transverse velocity 1s towards AB while 
in the other half it is towards CD. (This can be approximated 
by having an electrically charged plate in the middle of the 
chamber and charging the smoke particles to an opposite sign.) 


be carried to the walls during the time ( 


We have, therefore, š // V, = L/Vi (1) 
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Using a margin of safety of 1.2, we may say š Í V, = 1.2 L Vior 


— 1 — / 
V, = 241 ^ 0.41 VL | (2) 


Assuming our precipitation chamber to be one cm. thick, the 
volume of gas passing through the chamber per second 15 / V, cu. 
cm., and the number of particles passing per second is #1 Vj. 

Let Е, be the energy required to carry the particles through 
the gas with the velocity V; and give them their kinetic energy 
which they eventually transfer to the walls of the chamber when 
they “ stick " to it. Let F be the frictional resistance encount- 
ered by the particle and s the distance subjected to this frictional 
resistance. Then 


Е, = [1 m V? + Fs} n ergs per unit volume. (3) 


For complete precipitation in the chamber of Fig. 1, and for the 
treatment of / Vi cu. cm. of gas per sec. 


Ер in ergs per sec. = n 1 V, (¿m V? + 3 Fl) (4) 


The law of Stokes gives the value of the frictional force F and 
this law has been found to hold with a considerable degree of 
accuracy for wide variations in the radius, shapc and nature of 
the particles. This law is: 


F = бт pa Vid. (5) 
(4) then becomes, 


Ep in ergs per sec. = 2/Vi(m У2-Ббтиа Vidl) (6) 
or, 


: 3 3 7 
Ер in ergs per sec. = 945 к (е + бту а) (7) 


In the case of smoke and most kinds of fumes and dust ais small. 


0.16 та? Vi 
3L 


that electrical precipitation is especiallv well adapted, since the 
forces acting on the smoke particles depend upon the number of 
ions striking the particle and on the charge of the particle. On 
the other hand, centrifuge forces vary as the mass of the particles 


so that the term is negligible. It is in this field 
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and therefore as a? For centrifuging, equation (7) would re- 
main as stated. For electrical precipitation (7) becomes 


3 2 
Еріп ergs per sec. = Tinh SS ° (8) 


For practical purposes 1t is convenient to make the precipitation 
chamber as large as possible, but it is seen from equation (8) 
that this is impossible since / appears cubed. It is also seen 
that V, cannot be increased very greatly even though the length 
of the precipitation chamber is increased. Тһе greatest effi- 
ciency is to be attained therefore by making / and V, as small as 
is practicable, In practical work, / should not exceed 5 or 6 
inches, and V should not greatly exceed 8 or 10 feet per second. 
The maximum values of / and V, are also limited by the nature 
of the corona discharge itself, as will be shown later. 


THE Corona DISCHARGE 


The corona discharge consists of an electrical current carried 
by ions produced by the secondary ionization resulting from the 
impacts of rapidly moving ions with the gas molecules. For 
purposes of illustration and for practical electrical precipitation 
of smoke and fumes, the term corona discharge will be restricted 
to the use of an electrical discharge, taking place between a wire 
(placed axially) and its enclosing cylinder. The process of second- 
ary ionization is accompanied by a number of transformations. 
Let Е be the спегру consumed in the discharge. Part of this 
energy 15 converted into the luminous effects of the discharge, 
(E), part іп effecting chemical reactions, (£,), in heating the 
electrodes, (Е,..), in heating the gaseous medium, (Е,.). We 
have then, 


E=E,+ Er + E; + Ene + Ene. (9) 


Several of these quantities сап be measured separately so that 
it is to be hoped that our knowledge of these energy changes will 
soon be greatly extended. 

The nature of the ionization taking place during electrical 
discharges at low gas pressures has been studied by Thomson, 
Stark and others, and it will be assumed here that the kind and 
relative number of ions in the “ corona rays " and the ‘ corona 
streams of ions " is the same qualitatively as at low pressures. 
At atmospheric pressure, however, the ions will be shorter lived, 
be less simple in constitution and will form less distinct rays, so 
that the phenomena will not be the same. 
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The kind of ions that may exist in oxygen and nitrogen for 


longer or shorter intervals of time are as follows: Оз, electrons, 

- + +++ + + + ++ + 

0,0, O, Os, Ов, —, and charged nuclei. Ne, —, №, — , №, Ns, 
+++ 

— , №, and charged nuclei. Even at low gas pressures many of 


these ions appear very rarely, so that one may assume the corona 


| - + - + + ++ 
ions to consist largely of Оз, N2, О, N, О, possibly N and some 
charged nuclei. 

There may be several processes of ionization possib.», the 
process at any place depending on the nature of the gas, the 
corona rays and the electric field existing there. With increas- 
ing field strength the order of appearance of these different types 
of ionization is probably somewhat as follows: 


02 р 33 
| < 
+ 
N \ ó 


Fic. 2—NEGATIVE CORONA Rays Fic. 3—PosiTIvE CORONA Rays 


Electrons 


(a) Secondary ionization produced by the natural ions of the 
gas and by the electrons produced by this ionization. The ions 


- + 
are probably almost entirely of the Os, and Ne type. As the 
potential gradient (depending on whether theres a + or —corona) 


is increased, (b), ions like О and N ,are formed. The different 
ions probably begin to ionize by collision for different potential 
gradients, so that the nature of a corona ray depends on the 
value of this gradient. 

The nature of the corona rays is not well known but they are 
probably somewhat like those represented in Figs. 2 and 3, 
the positive and negative corona rays being quite different. At 


low pressures there would be many more elcctrcns, Ne ала О; 
rays, than of the other types. Тһе positive brushes may consist 
of regions where ions recombine. These brushes are very in- 
effective as regards precipitation, fumes and smoke being almost 
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entirely unaffected by them. It seems necessary for precipita- 
tion that the suspended particles be subjected directly to the 
corona rays that are themselves producing secondary ionization. 
This would lead one to the view that precipitation is not the 
immediate effect of the electric field on the charge of a smoke 
particle but that it includes the kinetic energy reccived by the 
particle due to collisions with the corona ravs. 


Best WORKING CONDITIONS FOR ELECTRICAL PRECIPITATION 


1. The best working conditions for electrical precipitation 
scems to include the action of as uniform and dense a corona as 
possible upon the gas containing the suspended matter. 

2. The effect of tempcrature is not very great, higher tempera- 
tures usually permitting of a larger corona current density. 

3. In any gas the conditions should be such that по break- 
down between the electrodes should take place. Fluctuations 
in the ionization of the gases may cause considerable trouble. 

4. In actual experiments on a precipitation chamber treating 
about 1000 cu. ft. of gas per min. it was found that under the most 
favorable conditions some 5 per cent of the electrical energy 
could be converted into £,as given by equation (8). E.,the amount 
of energy used up in chemical reactions such as the oxidation of 
nitrogen, is of the same order of magnitude. 

9. The efficiency of the process of clectrical precipitation 
is probably not as great as represented by (8) since the corona 
discharge is not distributed altogether uniformly over the wire. 

6. The theory of clectrical precipitation can easily be applied 
to that of a corona wire fixed axially in a cylinder of radius K. 
Consider а cvlindrical shell of the thickness dr at a distance r 
from the center of the cylinder. 

The energy required to remove the particles in this shell (volume 
= 27 r dr L) of number 27 rn L dr would be сала! to the kinetic 
energy the particles impart to the cylinder on impact and the 
energy used up in frictional resistance. One has 


E, for this shell per sec. — 
(àm V? + (R —r) 67uadV.))?mrnL dr, 


(R—r) being the distance that each particle must traverse in order 
to reach the outer cylinder. For the wholecylinder this becomes 


=R 
s= |Атуга earn LRA wad Vee (10) 


r =b 
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in which 0 is the radius of the wire electrode. Since the particles 
have rcached a state of equilibrium in each shell (the forces of 
the electric field and the frictional forces being balanced) V,isa 
function of the potential gradient, this latter being a function 
of ғ; r then is the only variable іп (10), so that the expression 
can be integrated. Іп this way tables connecting E, with the 
amount of corona current, the changes in the gas viscosity, tem- 
perature, the potential gradient, etc., can easily be determined. 
The best method of attacking equation (10) from an experi- 
mental point of view is to work with smoke particles of uniform 
size and density (lycopodium dust for instance), and measure 
V,, m, u, d and ». As the law of Stokes has been proved to 
hold experimentally for wide ranges in the value of a its use per- 
mits us to determine the electrical forces that are in more or less 
equilibrium with the viscous force of resistance. А determina- 
tion of V, for various values of r will serve to indicate how the 
smoke particles are ionized. Equation (10) may be written: 


=R =R r=R 
Е„ = af V2 dr + | r V,dr — cf r? V, dr. 


r xb reb y =b 


Since A contains a? and this is very small for fine dust, fumes апа 
smoke, we have for the conditions of electrical precipitation: 


=R r=R 
E, = af r V,dr — C r? V, dr. (11) 
r=b ' r =b 
The transverse velocity of the ionized smoke particles (V,) 


is а function of the potential gradient (E,) at r and in the direc- 
tion of r. 


V, = f (E) = (=) (12) 
flog b š 


It is thus seen that since E is not a function of r, being the 
difference of potential between the wire and the cylinder, (11) 
can be integrated. The value of the function f is determined by 
the size and manner of charging the smoke particles by the corona 
rays. Thisis not now wellknown. We have then for the energy 
consumed, 


=R =R 
E, = af as(— T) - cf red (5) (18) 
r =b r log b rmb 


r log b 
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For an example, cigarette smoke was taken. Very dense cig- 
arette smoke may contain a maximum number (n) of 30,000,000 
particles per cu. cm. In the actual experimental conditions 
V, was assumed uniform and was about 20 cm. per sec. L = 4 ft. 
а was assumed to be 0.01 u (ranges between 0.1 to 0.001 u, и 
being a thousandth of a mm.), and the coefficient of viscosity 
0.000178. The particles were all assumed to traverse a dis- 
tance of 8 cm. The value of E, then comes out to be some 
20 to 30 watts (per thousand cu. ft. of smoke) and the corona 
energy consumption 800 watts. This value of Е, is only in- 
tended to be a qualitative illustration, but under actual condi- 
tions it can be determined with a considerable degree of accuracy. 


CONCLUSIONS 


1. It is shown that the energy (Ep) required for precipitating 
smoke, fumes and dust can be represented by the formula 


E, = K VË B 


where / is the length of the precipitation chamber, V; is the 
necessary longitudinal velocity of the particles and K is a con- 
stant that can easily be determined in practise. 

2. A formula is derived for the corona method of electrical 
precipitation that will give the efficiency of the process for pipes 
of different radii, different lengths and for different values of the 
potential gradient and the transverse velocity. For installing 
a plant the problem consists in knowing the constants of this 
formula and then deriving the most suitable type of precipita- 
tion chamber. 

3. The possible nature of the corona rays is described, the 
different kinds of ionization that may take place and the way 
smoke and fume particles may be charged. 

4. The distribution of the energy transformations in the 
corona discharge is outlined and it is shown how it is possible 
to measure some of these energy terms. 

5. It has been shown that approximately 10 per cent of the 
energy of the corona discharge may be used directly in precipita- 
ing smoke. There is no doubt but that this efficiency may be 
increased. 

6. It can be shown that a similar percentage of the energy 
may be used in the oxidation of the nitrogen by the corona 
discharge. 


Presented at the meeting of the Urbana Section 
of the American Institute of Electrical Engi- 
neers, Urbana, Ill., April 16, 1914. 
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MAGNETIC AND OTHER PROPERTIES OF ELEC- 
TROLYTIC IRON MELTED IN VACUO 


BY TRYGVE D. YENSEN 


ABSTRACT OF PAPER 


Electrolytic iron of a purity of 99.97 to 99.98 per cent was 
melted in fused magnesia crucibles in a modified Arsem furnace, 
forged into rods, machined, and annealed in an electric furnace 
according to various heat cycles. 

„Тһе magnetic properties were obtained by the Burrows 
double bar method. Determinations were also made of the elec- 
trical resistance, chemical composition, and physical properties, 
including microstructure and critical temperatures as well as 
tensile tests. А few commercial iron and steel samples were 
tested for comparison. 

The following valuable results were obtained: 

1. Pure iron melted in an atmosphere of carbon monoxide 
under atmospheric pressure will absorb both carbon and oxygen 
with the result that the iron thus produced is of an inferior 
magnetic quality. 

2. Low carbon iron melted in vacuo will lose 50 to 90 per 
cent of its original carbon content. 

3. Тһе magnetic quality of electrolytic iron melted in vacuo 
is decidedly superior to any grade of iron thus far produced, 
the maximum permeability obtained being 19,000 at a flux 
density of 9500 gausses. Тһе average hysteresis loss obtained 15 
less than 50 per cent of that found in the best grade of commercial 
transformer steel, due to the fact that the coercive force is very 
uen lower than for silicon steel, although. the retentivity is 

igher. 

4. Тһе specific electrical resistance of pure iron melted in 
vacuo is 9.96 microhms per centimeter cube. 

5. Swedish charcoal iron melted іп vacuo has a magnetic 
quality approximating that of electrolytic iron melted in vacuo, 
chiefly due to the reduction of the carbon content. 

The author suggests that the high electrical conductivity and 
hence large eddy current losses іп this material may possibly be 
greatly reduced by the addition of silicon or aluminum without 
very materially affecting the magnetic quality. 


REVIOUS to the beginning of the twentieth century 
Swedish charcoal iron was the best grade of iron that 
could be found for magnetic purposes. About that time Had- 
field! produced a number of iron allovs that revolutionized the 
iron industry so far as maynetic iron was concerned. His 2.5 
per cent silicon-alloy and 2.25 per cent aluminum alloy showed 


Manuscript of this paper was received April 20, 1914. 
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a higher permeability and gave a lower hysteresis loss than the 
purest Swedish iron. Perhaps even more important was the 
high electrical resistance of these alloys, reducing the eddy 
current loss to one-third or less of that of the Swedish iron 
under identical conditions. At the same time Barrett? showed 
that the increase in electrical resistance due to the addition to 
pure iron of one per cent of any alloying element is inversely 
proportional to the atomic weight of that element. 

Since the time of the appearance of Hadfield’s alloys compara- 
tively little improvement has been made in the magnetic quality 
of the iron and iron alloys. What has been done has mostly 
been in the way of modifications of Hadfield’s silicon stecl. 
In 1906, however, Professor C. F. Burgess? of Wisconsin com- 
menced a series of investigations upon the magnetic and allied 
properties of electrolytic iron and its alloys with other elements. 
While the improvement made by Burgess were not revolutioniz- 
ing, his investigations, I think, have pointed out the direction 
in which improvements may be expected. In 1910, E. M. 
Terry‘, also of Wisconsin, investigating the effect of temperatura 
upon the magnetic properties of electrolytic iron as deposited, 
found that this iron, after annealing at 1100 deg. cent. and slow 
cooling, has a very high permeability and a low coercive force. 
On account of its high retentivity, however, the hysteresis loss 
was found to be higher than for Swedish charcoal iron. 

In 1911 the writer commenced an investigation of the mag- 
netic properties of iron in the Electrical Engineering Depart- 
ment of the University of Illinois. Doubly refined electrolytic 
iron, deposited according to the methods used by Burgess, has 
formed the basis for the investigation. It was deposited from 
Swedish charcoal iron, of the following composition: 


сира БӘФ АСЫ С МАМЫТ es 0.163 per cent 
Ol eee o eed ЕКЕ ЛОГ 0.032 “ <“ 
ағын са ланы toh aq iS a yee tee К ГГ ГҮ 0.0002 * « 
Pa ia aes ОРОТ попе 
оо Мір н eis bio curd pa та МОНО 
Fe (by «ІЕсгепсе)...................... 99.8 EL. 


1. Barrett, Brown and Hadfield, Jour. Inst. Elec. Engrs., Vol. 31, p. 
674, 1902. 

2. Proc. Royal Society, Vol. 69, p. 480, 1902. 

3. See Electrochem. & Metal Ind. for 1909 and 1910. А series cl 
articles by Burgess and Aston. 

4. Phys. Rev., Vol. 30, p. 133, 1910. 
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The doubly refined iron contains: 


А pi carne о i Tr cM 0.006 per cent 
Sb voters else paier а ық ESOL. ч 
ъъ wa РК ЛК УСУ атада с 

Fe (Бу (ІНегепсе)...................... 99.98 “ <“ 


The crucibles used were made from electrically fused magnesia 
containing about two per cent silica, and these crucibles were 
placed in graphite crucibles and securely covered. At first a 
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Fic. 1—VACUUM FURNACE 


Hoskins resistance furnace was used for the melting of the iron 
but this was abandoned after a large number of attempts had 
been made to keep the iron from being contaminated. If the 
crucibles were left exposed in the furnace the iron was so badly 
oxidized that it cracked to pieces under the hammer in the at- 
tempt to forge it. If buried in crushed carbon the iron absorbed 
comparatively large quantities of carbon. Burgess used the 
latter inethod and found that the iron absorbed from 0.05 to 
0.15 per cent carbon, probably by reducing the carbon monoxide 
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gases surrounding it. The results obtained by the writer agree 
with those obtained by Burgess, so far as the carbon is concerned, 
but as will be shown later, carbon alone does not account for the 
properties of the iron thus produced. 

In order to overcome the difficulties above referred to, a vac- 
uum furnace was constructed in the shops of the department. 
It is modeled after the Arsem type of furnace, and is shown in 
Fig. 1 and Fig. 2. Тһе inside parts consist entirely of graphite 
cut from solid graphite electrodes, with the exception of the 
water-cooled copper tubes, that serve as supports as well as leads. 
A Geryck pump is capable of maintaining a pressure of 0.5 cm. 
or less with 500 to 600 grams of molten iron in the furnace. The 
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Fic. 3—PERMEAMETER 


state of the charge may be observed through a mica window in 
the top. 

While the results obtained with this furnace are not as uniform 
as might be desired, it must be remembered that the tests have 
necessarily been made upon relatively small samples, that the 
processes involved in order to obtain the test pieces іп the final 
condition are numerous, and that the magnetic properties of 
this material are verv readilv affected by outside influences. 
The chemical composition of the final iron is quite uniform. 


METHOD OF MAGNETIC TESTING 


A number of different instruments for the magnetic measure- 
ments were tried and discarded. The main defect of most of 
them was that large and uncertain corrections had to be made to 
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the readings in order to arrive at the correct results. As it was 
desirable to make a large number of test pieces, Rowland’s 
ring method was impracticable on account of the difficulty of 
construction, and also because of the difficulty of electrical re- 
sistance measurements. An instrument was needed that could 
measure accurately the magnetic properties of relatively short 
rods. The one finally decided upon was constructed by the 
writer in the shops of the department in accordance with the 
recommendations of the Bureau of Standards. The details 
of this instrument? are shown in Fig. 3 and a diagram of the con- 


Mercury Switches 


Mercury Switches 


Fic. 4—ELECTRICAL CONNECTIONS FOR PERMEAMETER 


nections in Fig. 4. Briefly stated, it consists of a double bar 
and yoke with one main solenoid Г, and one auxiliary solenoid А, 
separately controlled, and four compensating solenoids, C, 
next to the yokes connected in series. Each of these coils was 
wound with No. 18 B. & S. gage double-cotton-covered wire in 
10 layers of exactly 20 turns per inch (= 7.875 turns percm.). Ву 
means of the three secondary coils, ¢, a and c, the magnetic flux 

5. Bulletin, Bureau of Standards, Vol. 6, No. 1. Reprint No. 117. 

6. For further information regarding the various apparatus and in- 


struments here described, the reader is referred to Bulletin No. 73 of the 
Engineering Experiment Station of the University of Illinois. 
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can be investigated at different points of the magnetic circuit 
and equalized by adjusting the currents in the magnetizing coils. 
With no leakave of flux, the magnetizing force for the rod mea- 
sured 15 


A; = 0.47 пт Hi 


wherez, = number of turns per cm. of main solenoid, 
I+ = current in main solenoid іп amperes. 

This is strictly true if the effects of the ends of the various magne- 
tizing coils are negligible. These end effects have been calcu- 
lated and the correction to be applied to IT, found to be less than 
+1 per cent for ordinary iron for all values of H. For the 
highest permeability iron found 1n this investigation, however, 
the correction for low values of Н, on account of the high com- 
pensating currents required in coils C, has been found to vary 
from +4 per cent for low values of H to less than +1 per cent 
for values of H = 8orabove. For reasons to be given presently, 
these corrections have not been made in the results given in this 
paper. 

For the determination of B a ballistic galvanometer of a 
15-second period was at first employed. This was calibrated by 
means of a mutual inductance, consisting of a primary coil, 
М, 10 cm. in diameter and 90 cm. long, of No. 18 В. & S. double- 
cotton-covered wire, 20 turns per inch (27.875 turns per cm.), 
with a secondary m, of 1260 turns of No. 30 double-silk-covered 
wire, wound in 10 layers occupying 8 cm. at the center of the 
primary. The error due to the end effects of this coil is such 
that if it be assumed that the magnetizing force Hy at the 
center of the calibration coil М 18 


IH = 0.47 Nn Ls 


then the values found for B, of thc rod tested are high by 0.3 
per cent. 

The ballistic galvanometer served the purpose very well 
until the electrolytic vacuum iron was ready to be measured 
in the annealed state. Оп account of the high permeability 
and low electrical resistance of this iron, the change of mag- 
netism was found to be too sluggish for accurate determinations 
with a ballistic galvanomoeter. This was particularly true for 
hysteresis determinations. Five or six seconds were some- 
times required for the flux to complete the change, so that by 
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the time the galvanometer coil had reached its maximum de- 
flection the flux was still changing. It was, therefore, very 
evident that the galvanometer had reached its limit of use- 
fulness, even though its period had been doubled. 

To overcome this difficulty a Grassot fluxmeter was used for 
all the final measurements. In this instrument the suspension 
effect has been practically eliminated, and its deflections are 
independent of the time required by the flux to complete the 
change. 

All the different connections for operating the permeameter 
are made through rocking mercury switches operated by means 
' of keys similar to piano keys. In this manner any number of 
switches may be operated simultaneously, and comparatively 
little time is occupied in making the adjustments. А view of 
the operating table is given in Fig. 6. 

The magnetization curves are obtained by the method of 
reversal, bv first adjusting the currents in А and C until the 
flux is equalized at all parts of the magnetic path. 

The hysteresis loops are determined in a similar manner, 
but instead of going from + Н.а to—H,., the change is 
made by inserting the resistances Rj, Ri, and Кє in the 
magnetizing circuits by opening the switches 31, Sa, and Sc, 


either alone or simultaneously, with the reversing switches S;, 
S. and Sc. In this manner the change is always made from 
Нах to the various points on the loop, and the effect of the 
viscosity of the iron is eliminated. 

In Fig. 5 are shown three magnetization curves for the stand- 
ard rod, No. 3-33 B. Опс is drawn according to the certificate 
supplied by the Burcau of Standards for this rod. "The other 
two were obtained by the writer, in one case by using the Grassot 
fluxmeter and in the other by means of the ballistic galvano- 
meter. There is some doubt as to the case of the discrepancy 
for low and medium densities between the curve as obtained 
by the Bureau and that obtained by means of the fluxmeter. 
On this account the corrections above referred to have not 
been made, as the writcr fecls that, if his results be slightly in 
error, the error is on the safe side. 


DETAILS OF THE EXPERIMENTS 


The electrolytic iron previous to being placed in the crucible 
to be melted was crushed into small pieces and thoroughly 
cleaned with hydrochloric acid, boiling distilled water, and 


3 
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alcohol. It was then transferred to the crucible, covered with 
a magnesia cover and placed in the vacuum furnace. The 
furnace was exhausted immediately and heated up, slowly at 
first, so as to give the absorbed pases time to escape without 
too much loss of vacuum. With the furnace at a dull red heat 
the melting would then require about } hour with an input of 


15 kw. In order to insure homogeneity 12 kw. was left on for 
another 15 minutes and the furnace then allowed to cool. 
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Fic. 5—MAGNETIZATION CURVES FOR STANDARD Rop No. 3-33B 


When removed from the furnace the ingots were as bright 
as silver and so soft that they could be cut with a knife. They 
were reheated in a coke forge to ordinary forging temperatures, 
1000 to 1100 deg. cent., and forged into rods about 3 in. by 
20 in. (1.25 by 50 cm.). 

From these rods the following test pieces were prepared: 

1. The magnetic test piece, serving also for the electric tests, 
0.392 in. (0.996 cm.) in diameter and 14 in. (35.5 cm.) long. 

2. Two test pieces for the mechanical tests. These had a 
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middle section 0.3 in. (0.76 cm.) by 13 in. (3.8 cm.), with threaded 
ends, 5 in. by š in. (1.25 cm). 

3. One test piece for the study of the microstructure, j in. 
by 4 in. (1.25 cm.). 

4. One test piece for the critical temperature determination. 

For the chemical analysis the shavings obtained from the 
preparation of these test pieces were collected, after first re- 
moving the outside coating of oxide. 

After being tested as forged, the test pieces (1 and 3 above) 
were sent through different heat treatments. If they were to 
be annealed they were packed in pulverized magnesia іп an iron 
cylinder, А, and placed in the annealing furnace shown іп Fig. 7. 
In order to minimize the formation of oxide the magnesia was 
moistened with alcohol to drive out the air. After reaching 
the annealing temperature desired, the cooling was done, in 
all but the preliminary tests, in accordance with definite cool- 
ing curves. Тһе temperature was measured by means of a 
platinum-platinum 4-10 per cent rhodium pyrometer, cali- 
brated from time to time. 

Quenching was done by placing the test pieces in the cylinder 
Q, Fig. 7, filled with magnesia and moistened with alcohol. 
When the desired temperature was reached, the cylinder was 
removed from the furnace, tipped up, and the contents plunged 
into the quenching bath by means of a sharp blow on the top 
of the cylinder. 

As mentioned above, a small specimen was prepared for the 
critical temperature determinations of each rod. These de- 
terminations were made by placing the specimen in а 3-іп. 
(1.25-cm.) "'electroquartz" pyrometer tube, with the hot 
junction of the pyrometer inserted in the small hole made in 
one end of the specimen. Тһе tube was partly filled with fused 
magnesia and placed іп a Hoskins muffle furnace with the end 
at the middle of the furnace. “The temperature was gradually 
raised to about 1000 deg. cent., the current cut off and the 
furnace allowed to cool naturally, while the time interval for 
each 10 deg. cent. was obtained by means of two stopwatches. 
From the data thus obtained three different curves were plotted 
for each specimen, namely, (1) the temperature-time curve, 
using temperature as abscissa and time as ordinate; (2) the 
temperature-rate curve, using temperature as abscissa and the 
number of deg. cent. fall in temperature per minute as ordinate; 
(3) the temperature inverse rate curve, using temperature as 
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abscissa and number of seconds per deg. cent. fall in tempera- 
ture as ordinate. From these curves the critical temperatures 
can readily be located. 

While this method is not as accurate as the differential method 
by means of three thermocouples, it serves as a check upon the 
other determinations made in the course of the investigation. 

From the chemical analysis of the Swedish charcoal iron and 
the doubly refined electrolytic iron it is scen that the only mea- 
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А 

surable impurities in the latter are carbon and silicon. Ав 
these are the ohly impurities that are hable to be affected during 
the processes described, it seemed superfluous to analyze for 
anything except carbon and silicon. А few analyses were 
made for sulphur, but only traces could be found. 

All the rods tested have been analyzed for carbon by direct 
combustion. On account of the small quantities dealt with, 
extreme care had to be used Im these analvses. 
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RESULTS 


The results of the investigation are embodied in the follow- 
ing tables and figures. In order to ascertain the most favorable 


TABLE I. 
SUMMARY OF RESULTS 
Rops THOROUGHLY ANNEALED АТ 900 Окс. CENT. 


= = -- — — 


3С01 |0.05%С 


ium nen 8600 0.40 |10000/ 10.24 


| Car- | 
Боп Flux Hysteresis | Co- | Re- | Spec. 
Des- Fur- jas рег | Max. iden- |loss, ergs рет | егсіуе ten- |elect. | Crit. 
Rod crip- nace |chem- per- [sity |cu. em. per | force | tivity resist.| temp. 
No. |tion of!used for | ical mea- |for cycle for for |at 20?! Ar; 
iron melting | analy- bility | max. —— T! Bm =| Bm = С. | deg. 
sis, per perm. Bm =| Bm = 15000! 15000 | mic- ! cent. 
cent | [10900 15000 rohms 
атанақ рине кии ен сенен жесек қазаға мне iet 
3-38 ic” | Vacuum! 0.0104/ 19000 |9500 | 813 |1640 Е Р 905 
3-39 : “ 10.0110! 16500 |8500 | 880 |1860 |0.32 |12600| 9.95|905 
3-34 “ | * |0.00)0 16000 |6200 | 895 |1600 |0.30 |10600|10.2 |895 
3-49 “ * 10.0120 15400 15000 | 902 |1710 |0.31 | 8100| 9.9 
3-31 “ " |0.0120|13100 |6200 | 980 |1760 |0.32 | 9100) 10.03] 885 
3-43 и " 10.0196 |12900 15500 |1165 192180 |0.40 |10200| 9.85| 895 
3-48 ч " 1|0.00<0112600 |5500 | 955 |1820 |0.29 | 50 9.7 
3-36 ың "  |0.0150|12250 |6000 | 953 |1830 |0.33 | 9000 10.16) 875 
3-40 " 10.0110! 12000 |9000 |1940 |2500 10.36 |10100! 9.7 | 895 
3-47 ч "  |0.0080!11900 |8000 |1190 |2120 [0.35 | 9000] 10.05) 900 
3-50 M b 0.0099!11600 |5000 | 995 |1040 |0.30 | 9000| 9.7 
3-41 x: * 10.0025 |11250 |4500 |1155 |2180 |0.40 |10000 110.0 |895 
3-30 " iu 0.0090; 11050 |5500 9.94 
3-45 ч š; lo. 0080 10500 |9000 |1470 | 9640 0.40 |10600) 9.87 |895 
3-37 “ “ |0.0420| 8050 |4500 |1255 |2000 |0.40 | 9500/10.3 |885 
Avg. & “ |0.0125) 12950 |6550 |1060 |1990 [0.34 | 9940|9.96 | 894 
| E MM T оннан pee в —— ==. == 
Avg. for Iron melted in 
resist. furnace 
| 
| 


0.1000| 1965 z 
| 
i 


| added 6000 |1405 |2300 895 
3C02 |0.10*4C | | 
ladded |Vacuum;0.0120| 7600 |7000 |1710 |3190 |950 |10700! 10.64] 895 
3C03 |0.50% C| | 
added |Vacuum!0.1810; 4400 |5500 |1910 12.40 
1-21 [Sw. charc. iron: | 
remelted іп vacu- 
um 0.00801 10350 |7090 |1290 | 2640 |0 48 nue 9 
| | | 
COMM|ERCIAL GRADES | | | | 
SwI-4 | Sw. charc. iron | | | 
cutfrom plate. |0.1630| 4870 |6600 |2490 |4530 10.95 | 8000|10.57 
(162 |Stand. tians- | | 
; | former stee!” | 3850 |7000 xm .5910 |1.33 | 9900) 11.09 
H1&2 |4 per cent silicon | | 
stecl.* | | 3400 4300 12260 |3030 |0.88 | 5400/51.15 


*Received manufacturer's standard anneal. 


annealing temperature, one of the rods, No. 3-39, was annealed 
at a number of different temperatures ranging from 500 deg. 
to 1060 deg. cent., in every case followed by a natural cooling 
of the furnace. The result is shown graphically in Fig. 8. 
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Based upon the results obtained with No. 3-39, the 15 rods 
made from electrolytic vacuum iron werc tested after various 
heat treatments. Тһе final heat treatment received by all of 
the rods consisted in annealing at about 900 deg. cent. and cool- 
ing in 48 hours according to a straight time-temperature curve, 
connecting 900 deg. and 200 deg. cent. То give the details of 
the results obtained after the various treatments, would be be- 
yond the scope of this paper, and only the final results can be 
included. In Table I the rods have been arranged according 
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X Highest Permeability at low Density. 
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Fic. 9—AVERAGE AND HIGHEST MAGNETIZATION CURVES ков ELEC- 
TROLYTIC IRON MELTED IN VACUO 


to the maximum permeability obtained for cach rod, and this 
shows the hysteresis loss and other magnetic data, as well as 
the carbon content of the rods and their electrical resistance. 
The last column gives the critical temperature Ars whenever 
measured. Fig. 9 shows the magnetization curves for the ave- 
rage and best electrolytic vacuum iron, and Fig. 10 shows the 
hysteresis loops and permeability curve for the best rod, No. 
3-38. 

For the sake of comparison a number of other rods have been 
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tested and the results included in this paper. Sw.I-4 is a rod cut 
from a plate of Swedish charcoal iron, and No. 1-21 is made from 
iron cut from the same plate as Sw.I-4 and directly next to it,’but 
remelted in vacuo. No. 3C01, No. 3C02 and No. 3C03 are 
three rods made from elcctrolytic iron with additions of 0.05, 
0.10 and 0.50 per cent carbon, respectively, and melted in vacuo. 
G-1 and G-2 are two rods made from such commercial bars as 
are gencrally rolled into sheets known as “ standard electrical 
sheets." Н-1 and H-2 are rods made from bars containing 
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3-38, ANNEALED AT 900 DEG. CENT .,COOLED IN 48 Hours 


about 4 per cent silicon. These two sets were supplied by the 
manufacturers and have received their standard anneal. They 
are supposed to represent good commercial steel used for elec- 
trical machinery. Table I also includes some information with 
regard to the properties of the electrolytic iron as melted in the 
resistance furnace. Figs. 11 and 12 show the magnetization 
curves for all the rods, compared with the average for the elec- 
trolytic iron melted in vacuo, all after having received the final 
heat treatment. The results of the mechanical tests are shown 
in Table II. А few of the photomicrographs are exhibited in 
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= о Хо Carbon added, Chem. Anal. gives 0.010% С 
90.05% Carbon added, Chem. Anal. gives 0.013% C 
40.10% Carbon added, Chem. Anal. gives 0.012% C 
x0.50% Carbon added, Chem. Anal gives 0.181% С 
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Fic. 12—CoMPARISON OF MAGNETIZATION CURVES FOR DIFFERENT 
GRADES OF IRON 
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Figs. 13-34, including most of those obtained for rod No. 3-39, 
as this rod received more heat treatments than any other rod. 
This series for No. 3-89 may be studied to advantage in con- 
nection with Fig. 8. Figs. 30 to 32 show the effect upon the mi- 
crostructure of adding carbon to the iron, and Figs. 33 and 34 
show the difference between Swedish charcoal iron before and 
after being remelted in vacuo. The structure of the clectrolytic 
iron melted in the resistance furnace is shown іп Fig. 35. Fi- 


TEMPERATURE RATE . 
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85 800° 75 
TEMPERATURE-CENTIGRADE 
Fic. 36—CooLING CURVES FOR Вор No. 3-43 


nally, Fig. 361s a sample cooling curve for the critical tempera- 
ture determinations. 


DISCUSSION OF RESULTS 


The results obtained may perhaps best be discussed by con- 
sidering first the equilibrium diagram for iron-carbon alloys. 
Fig. 87 shows this diagram as represented by Rozenhain. 

This diagram should probably be modified somewhat in view 
of the recent researches upon the critical temperatures for pure 
iron. It has been shown, for instance, by Burgess and Crowe, 
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PLATE X. 
A. l. E. E. 
VOL. XXXIV NO.2 


[YENSEN ] 


ELECTROLYTIC IRON MELTED IN УАССО 
14—No. 3-39B; annealed at 680 deg. cent. going up. 40 diam. 
15—No. 3-39D and E; annealed at 900 and 950 deg. cent. going up. 40 diam. 
16А-Хо. 3-39F; annealed at 1000 deg. cent. going up. 40 diam. 
16B—Same sample as in Fic. 16А, magnified 240 diam. 
17--Хо. 3-39G; annealed at 1060 deg. cent. going up. 40 diam. 
18--Хо. 3-39J; annealed at 800 deg. cent. going down. 40 diam. 
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PLATE ХІ. 


Ax L E E. 
VOL. XXXIV, NO. 2 


[YENSEN] 


MELTED IN VACUO 


deg. cent. going down. 


ELECTROLYTIC IRON 


40 diam. 
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PLATE XII. 
А. І. E. E. 
VOL. XXXIV, NO. 2 


[YENSEN] 


Fic. 25—No. 3-38D, electrolytic iron melted in vacuo; annealed at 900 deg. cent., cooled 
in 48 hours. 40 diam. 
Fic. 26— No. 3-41B, electrolytic iron melted in vacuo; annealed at 900 deg. cent., cooled 
іп 12 hours. 40 diam. 
Fic. 27— No. 3-43B, electrolytic iron melted in vacuo; annealed at 900 deg. cent., cooled 
in 12 hours. 40 diam. 
Fic. 28— No. 3-45B, electrolytic iron melted in vacuo; annealed at 900 deg. cent., cooled 
in 12 hours. 40 diam. 
Fic. 29--Хо. 3-47B, electrolytic iron melted in vacuo; annealed at 900 deg. cent., cooled 
in 12 hours. 40 diam. 
Fic. 30—No. 3COID, electrolytic iron with 0.05 per cent carbon added, melted in vacuo; 
annealed at 900 deg. cent., cooled іп 48 hrs. Analysis shows 0.01366 carbon. 40 diam. 
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PLATE XIII. 
А.І. E E. 
VOL. XXXIV, NO. 2 


[YENSEN] 


Fic. 31— No. 3C02D, electrolytic iron with 0.10 per cent carbon added, melted in vacuo; 
annealed at 900 deg. cent., cooled in 48 hours. Analysis shows 0.012 per cent carbon; 
40 diam. 

Fic. 32— No. 3C03D, electrolytic iron with 0.5 per cent carbon added. melted in vacuo; 
annealed at 900 deg. cent. Analysis shows 0.181 per cent carbon. 40 diam. 

Fic. ЗЗА— No. Sw. I-4B, Swedish charcoal iron cut from plate; annealed at 900 deg. cent. 
40 diam. 

Fic. 338—Same sample as іп Ес̧. ЗЗА, magnified 240 diam. 

Fic. 34— No. 1-21A. Swedish charcoal iron remelted in vacuo; as forged. 40 diam. 

Fic. 35— No. 3-13C, electrolytic iron melted in resistance furnace under atmospheric 
pressure; annealed at 900 deg. cent. 40 diam. 
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in a bulletin just issued by the Bureau of Standards, that the 
point F, usually called Are, for pure iron is 768 deg cent. Fur- 
thermore, it has been shown conclusively that the temperature 
at which pure iron changes from a ferromagnetic to a para- 
magnetic substance or vice versa, 15 785 deg. cent., thus showing 
that these two transformation points do not coincide. 

' Only that part of the diagram lying to the left of I will be 
considered here. From this diagram it is seen that after the 
iron has passed from the liquid state it exists in the form 
of a solid solution of iron and carbon, called austenite. When 
this solution cools it eventually reaches the line E С J, where 
ferrite crystals begin to be precipitated. Upon further cooling 
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Fic. 37—EQUILIBRIUM DIAGRAM FOR IRON-CARBON ALLOYS, ACCORD- 
ING TO ROZENHAIN 


the solution, now enriched in carbon, passes downwards towards 
the right, following Е G J, more and more ferrite being pre- 
cipitated. Finally, upon reaching the point J, the part of the 
solution still remaining, containing now 0.9 per cent carbon, is 
decomposed into cementite (Fe3C) and ferrite, and the resulting 
mixture is called pearlite. At this temperature the iron conse- 
quently consists of pure ferrite crystals with the spaces between 
the crystals filled up with a mixture of ferrite and cementite. 
One generally-accepted theory states that iron has three different 
allotropic modifications: Alpha, Beta and Gamma. Gamma iron 
is stable above the line E С J, Beta iron between E G and G F, 
and Alpha iron below С F. It has been shown that iron in the 
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Beta and Gamma modifications is weakly paramagnetic, while 
Alpha iron is ferromagnetic. Under certain conditions Beta 
and Gamma iron may exist to some extent below the boundaries 
just stated. It is supposed, for instance, that if iron be cooled 
rapidly from a high temperature, Gamma and Beta iron may not 
have sufficient time to change into Alpha iron. If, however, 
such iron be reheated to above the line E G I and slowly cooled, 
the iron may ultimately all be obtained in the ferromagnetic 
Alpha modification. This theory is confirmed by the results 
obtained by Hadfield and Hopkinson, who found that the “ spe- 
cific magnetism " of iron-carbon alloys is decreased to a large 
but uncertain extent by quenching from a high temperature. 
Certain elements, carbon and manganese for example, when added 
to the iron assist in retaining the iron in the Gamma form. 
Thus Hadfield obtained an iron-manganese alloy that is prac- 
tically non-magnetic at ordinary temperatures. 

Another factor that may influence the magnetic properties of 
iron is mechanical strain, either due to outside influence or due 
to rapid cooling. It is not definitely known which is the more 
important, removing mechanical strain, or changing all the iron 
into Alpha iron. It is certain that both are important and that 
both may be accomplished Љу proper annealing. It is well 
known that 1f, subsequent to annealing, the iron be mechanically 
strained, its magnetic quality is depreciated. This point was 
confirmed by the writer while measuring a rod that had been 
slightly bent during the annealing process. Its permeability 
scemed, compared with previous measurements, to be unusually 
low. It was noticed that in clamping it in the permeameter it 
had been strained to some extent. It was then adjusted so as 
to lessen the strain as far as possible, and the permeability was 
found to have increased materially. This fact helped to explain 
some rather puzzling results previously obtaincd іп the course of 
the investigation. It also showed that, if the iron has not been 
strained beyond a certain point, the effect of the strain 1s only 
temporary. 

With the above explanations and facts in mind, the results 
given in the previous part of the paper will now be considered. 

It is at once apparent from Table I that the melting of elec- 
trolytic iron, or low carbon iron in general, 1n an atmosphere of 
carbon monoxide gases, gives the iron a chance to absorb carbon, 
the amount absorbed varying from 0.05 to 0.15 per cent. This 
result is in agreement with the experiments of Burgess and Aston 
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referred to in the introduction. [It is furthermore seen that car- 
bon is not the only factor that affects the magnetic properties 
of iron. Swedish charcoal iron, Sw.I-4, with a carbon content of 
0.163 per cent, and 3C03,*an electrolyilc iron-carbon alloy 
melted in vacuo, with a carbon content of 0.181 per cent, both 
have a decidedly higher permeability than the electrolytic iron 
melted 1n the resistance furnacc, although the latter has an aver- 
age carbon content of only 0.10 per cent. Again, the electrical 
resistance of the resistance furnace iron is 13.52 microhms while 
that of Sw.I-4 and 3C03 15 10.57 апа 12.40 respectively. Тһе 
carbon content of 0.1 per cent does not by itself account for а 
resistance of 13.52 microhms. According to Barrett this resis- 
tance corresponds to a carbon content of 0.6 per cent. Ав car- 
bon is probably absorbed from CO according to the reversible 
reaction 
Fe + CO 23 FeO + C 


it seems natural to assume that not only carbon but also FeO is 
absorbed by the iron. In that case the result would be an alloy 
of ferrite, cementite (Fe;C) and iron oxide (Fe O). Fora carbon 
content of 0.1 per cent the alloy would contain 1.5 per cent ce- 
mentite, and 0.59 per cent FeO. While cementite is slightly 
ferromagnetic, as shown by Hadfield and Hopkinson, FeO is 
paramagnetic, and a very poor conductor of electricity. With 
these two substances interspersed among the ferrite crystals, the 
low permeability and high resistance can be satisfactorily ex- 
plained. From a further study of Table I it is seen that the Swe- 
dish charcoal iron has lost nearly all of its carbon by being melted 
in vacuo, the carbon content in the final iron being only 0.008 
per cent. At the same time, as would be expected, its electrical 
resistance has been slightly lowered and its magnetic permeability 
considerably increased. Similarly, the three iron-carbon allovs 
melted in vacuo, 3C01, 3C02 and 3C03, have lost the larger 
part of the carbon added to them. While the additions amounted 
to 0.05, 0.10 and 0.50 per cent respectively, the chemical analy- 
sis of the final rods shows a carbon content of 0.013, 0.012 and 
0.181 per cent. If to the former figures be added the carbon 
content of the electrolvtic iron as deposited, namely 0.006 per 
cent, the loss of carbon is found to be 76.8, 80.5 and 64.4 per cent 
respectively. The corresponding loss for the Swedish iron was 
95 per cent. The Bureau of Standards has demonstrated that 
such a loss occurs by melting electrolytic iron in vacuo, the loss 
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found being in one case 67 per cent, in another case 87.5 per cent. 
In the present case the electrolytic iron melted in vacuo not only 
did not lose any carbon, but actually gained a slight amount. 
In order to explain this apparent ажстерапсу it should be men- 
tioned that the pressure used by the Bureau of Standards 
investigators in their vacuum furnace was 0.01 mm. of mercury, 
while the pressure used by the writer was from 2 to 5 mm. 
Based upon the facts above enumerated, the following explana- 
tion is now offered. Any oxygen left in the furnace combines 
with the carbon of the heating element and forms carbon mon- 
oxide (CO). This gas, ав already stated in connection with the 
results obtained with the resistance furnace, rcacts with the iron 
according to the reversible equation 


Fe + CO =š FeO + C 


until equilibrium is established. If now the pressure in the fur- 
nace be lowered the reaction will take place from right to left; 
that 15, апу FeO that may be present will be reduced by the car- 
bon in the iron, with the result that the carbon content will be 
reduced until equilibrium is restored. Conversely, with an in- 
crease of pressure due to an admission of oxygen, the reaction 
will take place from left to right, and the carbon content, as well 
as the FeO, of the iron will be increased. Upon this hypothesis 
the difference between the carbon content obtained by the Bur- 
eau of Standards and that obtained by the writer is immediatcly 
explained. 

The changes in the structure of the Swedish iron are very well 
illustrated by the photomicrographs shown in Figs. 33A and 33B 
and Fig. 34. Fig. 33A shows the non-homogeneous Swedish 
iron as rolled. The dark spots are probably partly slag and partly 
pearlite, shown to a higher magnification in Fig. 33B. Fig. 34 
shows the iron after being melted іп vacuo, being perfectly homo- 
geneous and without any sign of pearlite. Figs. 30 to 32 show 
the structure for the iron-carbon alloys 3C01, 3C02 and 3C03, veri- 
fying in general the chemical analysis as to carbon content. By 
referring to Fig. 11 and Table I, it is seen that the electrical resis- 
tance and magnetic permeability for these iron-carbon alloys are 
not strictly in accordance with the chemical analysis. From the 
latter, ӚС01 and 3C02 are approximately alike, while the elec- 
trical and magnetic tests indicate that 3C02 should have a 
higher carbon content than 3CO1. Why this discrepancy should 
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exist is difficult to explain, as the analysis for 3C02 was repeated 
four times, giving results that agreed quite closely. 

The effect of annealing at different temperatures is shown 
graphically in Fig. 8. From this figure 1t is seen that the per- 
meability increases quite uniformly as the annealing temperature 
is raised, at first slowly, and then very rapidly as the annealing 
temperatures are raised from 700 to 800 deg. cent. Above 900 
deg. cent. some uncertainty appears. Тһе permeability is 
decreased for 950 deg. and again increased for 1000 deg. cent 
Whether this result is due to mechanical strain in clamping the 
rod in the permeameter or whether it is due to different rates of 
cooling or to some other cause, the writer 1s not prepared to say. 
From the experience previously related 1% seems most probable 
that the drop for 950 deg. is due to mechanical straining, as it 
occurs for low values of Н only. The experiments of Terry show 
that 1100 deg. cent. is the most favorable annealing temperature 
for pure iron. While the results shown in Fig. 8 are not conclu- 
sive in themselves, they help to confirm the results obtained 
by Terry. Another interesting point is shown in Fig. 8. For 
values of H = 8, or above, the permeability is decreased by an- 
nealing at temperatures above 900 deg. cent., and does not return 
to the higher value by further annealing at lower temperatures. 
Furthermore, upon annealing successively at decreasingly lower 
temperatures, the permeability is increased for low values of Н. 
Such a process is, of course, equivalent to annealing at the high- 
est temperature and cooling at a slower rate than was used for 
each of the successive annealings. This assumption was veri- 
fied by annealing at 900 deg. cent. and cooling, first in 24 hours 
according to a logarithmic time-tempcrature curve, and finally 
in 48 hours according to a straight line connecting 900 and 200 
deg. cent. These treatments increased the permeability con- 
siderably for low values of H, but did not alter it for high values 
of H. Quenching froin 1000 deg. cent. in iced brine produced а 
decidedly magnetic hardening, but this hardening was ayain 
removed by reheating to 900 deg. cent. and slow cooling. 

The results obtained with rod No. 3-39 are confirmed by those 
obtained with the three groups of rods made from electrolytic iron 
melted in vacuo. Thus, the rods of group 2, including Nos. 
3-34, 3-36, 3-37 and 3-38, that were reheated to forging tempera- 
ture, between 1000 and 1100 deg. cent., give a decidedly lower 
permeability for high values of H than rods that have not been 
heated above 900 deg. cent. The same is shown by the results 


, 
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obtained for the rods of group 4, including Nos. 3-48, 3-49 and 
3-50, after these rods had been anncaled at 1080 deg. cent. 
Whether annealing at temperatures above 900 deg. cent. im- 
proves the permeability for low values of H has not been defi- 
nitely demonstrated by this investigation. As was mentioned 
above, Terry has shown that 1100 deg. cent. is the most favor- 
able annealing tempcrature for electrolytic iron as deposited, 
as this gave a lower hysteresis loss than annealing at lower 
temperatures. To be sure, the rods belonging to group 2, as 
well as rod No. 3-39, that some time during the process were 
heated above 1000 deg. cent., include the best rods magnetically 
of the entire series? But the rods of group 4 were not 
improved materially by annealing at 1080 deg. cent. after having 
previously been annealed at 900 deg. cent. 

The average magnetization curve for electrolytic iron melted 
in vacuo, as shown in Figs. 11 and 12, is based upon the results 
obtained after the final heat treatment, whether this gave the 
best results for each particular rod or not. This average also 
includes the results for rod No. 3-37, that perhaps should have 
been thrown out. The average curve is, therefore, somewhat 
. lower than might be expected for 15 rods treated under more 
favorable conditions. However, it serves to indicate the place 
occupied by electrolytic vacuum iron, in relation to other grades 
of iron. 

While the curve for the electrolytic vacuum iron is the highest 
of those represented in Fig. 12, the curve for the Swedish char- 
coal iron remelted in vacuo is a close second, апа these two are 
far above the curves for commercial iron used at present for 
magnetic purposes. The maximum permeability for the average 
magnetization curve, as shown by Table I, is 12,950, occurring 
at a flux density of 6550 gausses. The maximum obtained, 
however, is 19,000 for rod No. 3-38, at a flux density of 9500 
gausses. 

Terry gives 11,000 as the maximum permeability obtained for 
electrolytic iron as deposited, but it is not perfectly clear whether 
this permeability occurred at ordinary temperatures or in the 
neighborhood of 760 дер. cent., as he compares this maximum 
value obtained with that obtained by Morris (15,000) and that 
obtained by Wells (17,000), both of which occurred at very low 


7. Rod No. 3-37 has an exceptionally low permeability but this rod 
had probably had an accident sometime, as the chemical analysis shows 
that it contains 0.045 per cent carbon. 
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flux densities and near the critical temperature, 785 deg. cent. 
However, it is believed that Terry’s maximum occurred at room 
temperature after annealing at 1100 deg. cent. 

While -high permeability is of interest for certain purposes, 
the characteristics of iron that are of special interest to the 
manufacturer and user of electrical machinery are hysteresis and 
eddy current losses, the latter depending largely upon the elec- 
trical resistance of the iron. 

From Table I the hysteresis loss for В,ах = 10,000 is seen to 
be less than one-half as high for the average electrolytic vacuum 
iron as it is for the commercial silicon steel, while for Bmax = 
15,000, the corresponding figure is about two-thirds. The rea- 
son why the hysteresis loss for the vacuum iron is not even still 
lower, compared with commercial iron, is readily seen by looking 
at the figures for retentivity. (See also Fig. 10). While the 
retentivity for Bmax = 15,000 is 9940 for the average electrolytic 
vacuum iron, it is only 5400 for silicon steel. Тһе hysteresis 
loss for Hadfield’s best magnetic steels, the 24 per cent silicon 
alloy and the 2} per cent aluminum alloy, as reported by Barrett, 
Brown and Hadfield, for Bmax = 9000 is 1550 and 1440 ergs, 
respectively, per cu. cm. per cycle. Comparing these results, it 
is seen that in spite of the high retentivity, the hysteresis loss 
for the electrolytic vacuum iron is much lower than for any ma- 
terial thus far produced, of which the literature gives information. 
This is due to the low coercive force, namely, 0.34 gilbert per cm. 
this being the average value for the 15 rods. 

The clectrical resistance for the average vacuum iron is 9.96 
microhms per cm. cube. The resistance for the standard trans- 
former steel is 11.09 microhms, while that for the silicon steel is 
51.15 microhms. Thus the eddy current losses per unit volume, 
for the same thickness of sheet and for the same maximum flux 
density, would be much in favor of the silicon steel. However, 
it is definitely known that the resistance of the latter can be 
raised by the addition of silicon or aluminum. What the 
effect of such additions upon the magnetic quality of the iron 
will be, remains to be seen, but judging from the effect they have 
upon commercial grades of iron, it seems probable that it will 
not be harmful. 

While the photomicrographs are of interest primarily as 
showing the structure of electrolytic vacuum iron in general, 
and in what respects it differs from other grades of iron, certain 
conclusions as to the relation between the microstructure and 
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the magnetic quality of the iron may be drawn. Considering the 
series for rod No. 3-39, it appears that there is no general growth 
in the size of crystals. Annealing above 900 deg. cent., with sub- 
sequent slow cooling, breaks the crystals up into smaller parts. 
Quenching from 1000 deg. cent., this fine structure again gives way 
for larger crystals with indefinite boundaries, but the fine struc- 
ture reappears upon subsequent annealing and slow cooling. The 
structure that seems to give the best magnetic quality is that 
shown in Figs. 19 and 21 for rod No. 3-39. "This same structure 
is obtained for the best rod of the series, No. 3-38, as shown in 
Fig. 25, and for No. 3-31, in Fig. 23. Тһе results of the critical 
temperature determinations show that the point Ar; (sce Fig. 
37) for the average electrolytic vacuum iron is 894 deg. cent., 
agreeing with the valuc found by the Bureau of Standards for 
pure iron. | 

Table II shows that magnetic and mechanical hardness ро 
together, and serves to confirm further the results obtained by 
previous writers. It emphasizes the extreme mechanical soft- 
ness of the electrolytic iron melted in vacuo, particularly after 
annealing at 900 deg. cent. In comparing Nos. 3С01, 3C02 
and 3C03 with the rest of the rods, it should be remembered 
that the actual carbon content of these rods is 0.013, 0.012 and 
0.181 per cent, respectively. 


SUMMARY AND CONCLUSION 

The results recorded in the previous pages may be summarized 
as follows: 

1. Pure iron melted in an atmosphere of carbon monoxide, 

_under atmospheric pressure, will absorb both carbon and oxygen, 

with the result that the iron thus produced is of an inferior mag- 
netic quality. 

2. Low carbon iron melted in vacuo will lose 50 to 90 per cent 
of its original carbon content. | 

3. The magnetic quality of electrolytic iron melted in vacuo 
is decidedly superior to any grade of iron thus far produced, the 
maximum permeability obtained being 19,000 at a flux density 
of 9500 gausses. The average hysteresis loss obtained is less 
than 50 per cent of that found in the best grades of commercial 
transformer iron. 

4. The specific electrical resistance of pure iron melted in 
vacuo is 9.96 microhms. 

5. Swedish charcoal iron melted in vacuo has a magnetic 
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quality approximating that of electrolytic iron melted in vacuo, 
chiefly due to the reduction of the carbon content. 

From these facts it appears that a superior quality of iron for 
magnetic purposes may be obtained by melting electrolytic iron 
in vacuo. While the electrical resistance of the iron thus ob- 
tained is very low, this defect may be remedied by the addition 
of such alloying elements as silicon or aluminum, elements that 
are known to increase the electrical resistance very materially 
without affecting the magnetic quality to any large extent. 
Experiments are now under way for determining the effect of 
such alloying elements, and the results will be published at some 
later date. 

Whether iron melted in vacuo will ever become a commercial 
product depends, of course, upon whether any apparatus can 
be devised for producing such iron on a commercial scale at a 
cost that will not be prohibitive. 

In conclusion, the writer wishes to acknowledge his indebted- 
ness to a large number of persons connected with various depart- 
ments of the University of Illinois, who have rendered valuable 
assistance in carrying on this investigation. 

А number of large manufacturing companies have also shown 
their willingness to cooperate in the work, by going to great 
trouble and expense in preparing rods from commercial grades 
of iron. 
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EFFECT OF MOISTURE IN THE EARTH ON TEMPERA- 
TURE OF UNDERGROUND CABLES 


BY L. E. IMLAY 


ABSTRACT OF PAPER 


The author describes a permanent installation which was made 
for supplying moisture to the earth in the neighborhood of under- 
ground cables with the object of reducing their temperature. 
The approximate temperature of the cables is found by taking 
with a resistance thermometer the temperature of a duct adjacent 
to the cable which is the source of heat. Іп uncovering the con- 
duits and exposing them to air, as a remedy for hot spots in the 
cable, it was found that the adjacent earth was hot and dry sothat 
it crumbled to powder. This suggested opening a ditch in the 
ground above the conduit and directing a stream of water 
through it. This was found to lower the temperature immedi- 
ately several degrees. Where an open conduit was not practical, 
water was discharged in to a vacant cable duct by means of a 
hose and this was found to be more effective than the open ditch 
method. 

These experiments led to the installation of a line of porous tile 
duct in the earth above the conduit, surrounded with clean sand. 
The leakage of water through the pores of this duct has been 
found very effective in reducing the temperature of the cables. 
Whenever the temperature of the cables is found by exploring 
with a resistance thermometer to approach the danger point, 
water is turned into the porous drain tile, and the temperature is 
taken on successive davs to see whether the desired reduction has 
been obtained. In this way one or two men, with resistance 
thermometers attached to long leads, can keep track of and 

. control the temperature of the cables іп a large system. No 
breakdowns of insulation of cables have occurred due to high 
temperature since the adoption of this method. 


HE PURPOSE of this paper is (1) to describe a con- 
venient method adopted by The Niagara Falls Power Com- 

pany of determining the temperature of the insulation of under- 
ground cables carrying load; (2) to present the results of some 
field investigations made to determine the temperature of the 
earth and distribution of heat therein adjacent to underground 
cables; (3) to show the effect on the temperature of introducing 
moisture into the earth; and (4) to describe methods that were 
devised for supplying moisture where needed to reduce the 
temperature and thereby increase the carrying capacity of 
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cables. The data herewith submitted were taken in the field 
for a practical purpose; consequently there was no justification 
for the refinements of laboratory measurements. 

(1) It is not practicable to measure directly the tempera- 
ture of the insulation of a cable at the surface of the conductor, 
without resorting to apparatus that is not suitable for general 
use over a cable system. For practical purposes, however, the 
temperature of the conductor can be obtained by exploring with 
a resistance thermometer the temperature of a duct adjacent 
to the cable that is the source of the heat. As we are princi- 
pably interested in maximum temperatures, a cable should be 
selected for this purpose that is most unfavorably situated for 
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radiation of heat. This cable can usually be selected by in- 
spection. If the cables are situated as in Fig. 5 and tempera- 
tures are taken in duct marked T, the temperature of the in- 
sulation at the surface of the conductor is taken from a curve 
that applies to that particular cable. Fig. 1 is the curve for a 
3/0, three-conductor, 11,000-volt cable, and Fig. 2 is the curve 
for 1,250,000-cir. mil, 2200-volt cable. For example, if a 3/0, 
three-conductor, 11,000-volt cable is carrying 170 amperes and 
the temperature of the adjacent duct T is 39 deg. cent., the 
temperature of the insulation at the surface of the conductor is 
72 deg. cent. These curves are deduced from a formula given 
by Messrs. Atkinson and Fisher in a paper presented in 1913 
and published in Vol. XXXII of the A.I. E. E. TRANSACTIONS, 
page 325. 
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The temperature at which paper-insulated lead-sheath cable 
can be operated safely has been carefully investigated, partic- 
ularly by Mr. Henry W. Fisher. Some of the results of his 
investigations are given in the paper above referred to and in 
Foster’s Handbook and the Standard Handbook. Тһе maxi- 
mum safe limiting temperature of paper insulation at the surface 
of the conductor in a cable, as stated in the Standardization 
Rules of the A. I. E. E., is 85 deg. cent. less a number of degrees 
equal to the kilovolts at which the cable is operated. In the case 
of a three-conductor, 11,000-volt cable, the limiting temperature 
of the insulation at the conductor 1s therefore 74 deg. cent., and 
in the case of a 2000-volt cable the limiting temperature is 
83 deg. cent. 
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It was decided to adopt 66 deg. cent. as the maximum tem- 
perature for continuous operation of 11,000-volt paper-insu- 
lated cable, and 75 deg. cent. as the maximum temperature for 
continuous operation of 2200-volt paper insulated cable. This 
is eight deg. cent: lower than the safe limiting temperature 
specified in the Standardization Rules, which are based on 
fluctuating loads with peaks of short duration. | 

(2) To get some idea of the seasonal variation in the tem- 
perature of the earth, readings were taken each month in the 
year at a point about three ft. below the surface of the earth. 
This point was chosen near a section of conduit where over- 
heating of cables had occurred, but at such distance that it 
was practically unaffected by heat from the conduit. In 
Fig. 3 the lower curve shows the seasonal variation in the 
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temperature of the earth. The upper curve shows the tempera- 
ture variation three ft. below the surface of the earth, above a 
conduit containing cables. Fig. 4 shows the distance to which 
the earth surrounding a conduit is affected by heat from cables. 
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The measurements were taken at different seasons of the year 
under approximately identical load conditions. The results 
indicate that parallel conduits must be at least thirty feet 
apart in order that the heat from one of them shall not appreci- 
ably affect the other. 
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(3) An effective remedy for hot spots in cables is to unearth 
the conduit and expose it to the air. In uncovering a conduit 
directly after a cable breakdown, it was found that the adjacent 
earth was very hot and so dry that it would crumble to powder. 
This condition suggested digging a ditch a few inches deep in 
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the ground just over and along the length of the conduit and 
directing a stream of water through it, as irrigation for crops 
is carried on in the Western States. This remedy immediately 
lowered the temperature of the cables several degrees. Where 
conduit was under roadways and paved streets the open ditch 
method was not available, and at these points water was dis- 
charged into a vacant duct by means of a garden hose. This 
was found to be even more effective than the open ditch method. 
In some cases, however, where multiple duct was used the water 
would not flow from one manhole to another, being lost on the 
way. Fig. 5 shows the effect on the temperature of cables of 


Approximate Average Load оп Conductors, 
1-770 Amperes. 2200 Volts. 
2.710 Amperes. 2200 Volts. 
3-900 Amperes. 2200 Volts. 


T - Duct in which Temperatures were taken. nim 

W Duct in which Water was applied. Temperature of Water 19 5° C. 
Distance betveen Manholes 380 Ft 
Cables - 1,250,000 e.m. Paper and Lead. ЕН 


THERE 


2. | жа 
EEE С 


==; am sm 


ШЕНІ? 


DEGREES CENTIGRADE 


1 | Wate running? 
Water running appros. 2.25 Gal per Min.. 3200 Gal. per Day- Approx. „в 
! l š 12 Gal. per Mink 


ESM vas рег Day=- 
' ! | 


48 60 72 84 96 108 120 132 144 156 168 


— Water shut off t——-t— 


water discharged in a vacant duct. Two and a quarter gallons 
per minute reduced the temperature 13 deg. cent. and held it 
about constant. When the amount of water was increased to 
twelve gallons per minute, the temperature was reduced 13 
deg. cent. further and then became constant. Тһе remainder 
of the curve shows the gradual rise in temperature after the 
water was shut off. 

(4) These crude methods of reducing thc temperature pointed 
the way to a permanent installation to control the temperature 
of cables in conduits. The method finally adopted is shown 
in Figs. 6 and 7. Porous drain tiles four inches in diameter were 
made in sewer pipe moulds. These were laid in a trench in the 


268 IMLAY: UNDERGROUND CABLES [Feb. 17 


earth above the conduit, as shown in cros-ssection in Fig. 6. 
The joints were cemented to prevent leakage except through the 
pores of the tiles. This tile serves a purpose exactly opposite 
to that for which drain tile is generally used; that is, water is 
supplied through it to the surrounding earth, instead of being 
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conducted away. The first experiment indicated that it might 
be difficult to get tile porous enough to exude a sufficient amount 
of water effectively to moisten the earth. This test was made 
with tile lying on the ground exposed to the air. After some 
experimenting it was found that the amount of water that 
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would pass through the pores of the tile could be greatly in- 
creased by a covering of earth. Clean sand around the tile 
was more effective in producing the desired result than any 
other material tried. 

In Fig. 8, curve A shows the distribution of heat in the earth 
at right angles to a line of conduit containing 2200-volt cables 
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before watcr was applied by the drain tile method. Curve B 
shows the temperature after three gallons of water per minute 
had been applied about thirty-six hours. 
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It has been maintained by some that cables will run cooler 
in conduit surrounded by earth than in conduit surrounded 
by air. In Fig. 9 the upper curve shows temperatures obtained 
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in duct indicated by letter T' before any effort was made to 
reduce the normal temperature. The middle curve shows tem- 
peratures obtained in the same duct after the top of the conduit 
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had been unearthed. In this case the sides of the conduit were 
still covered with earth. The temperature of the air at the 
time of this test was about 16 deg. cent. The lower curve shows 
tempcratures that were obtained after the drain tile had been 
laid, the earth replaced, and three gallons of water per minute 
supplied continuously for moistening the earth. The current 
on the cables was practically constant throughout the interval 
covered by thesc tests. 

In practise the work of looking after the tempcrature of the 
cables 15 as follows: 

When the season of the vear arrives when overheating may be 
expected, a man is sent around with a resistance thermometer 
to explore the temperature of the ducts. If he finds the danger 
point is being reached or even approximated, water 1s turned 
into the porous drain tile. The following day the temperature 
is again taken to see whether the desired reduction has been ob- 
tained. In this way one or two men with portable resistance 
thermometers attached to long leads can keep track of and con- 
trol the temperature of cables in a large system. Since this 
plan was adopted no breakdowns in insulation of cables have 
occurred due to high temperatures. The plans for installing 
the porous drain tile for cooling have been adopted as a standard, 
and whenever new conduits are laid in which high temperatures 
may be expected, the conduit will be provided with this means 
of cooling. 
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OIL CIRCUIT BREAKERS 


NOTES ON ARC PHENOMENA AND TENDENCIES IN DESIGN 


BY K. C. RANDALL 


ABSTRACT OF PAPER 


The purpose of the paper is to present a brief explanatory 
discussion of some of the arc phenomena in oll circuit. breakers 
and to describe the present tendencies in oil breaker construction 

* and practise. À proposed method for rating breakers and 
specifying is included. 


Ы AN alternating-current arc formed in ап oil breaker, 
opportunity is afforded for cooling and condensing the arc 
gases as the current passes through zero, and if these are com- 
pletely condensed or removed and replaced by sufficient oil dis- 
tance, the current will not be reestablished, because the 
medium intervening between the separating contacts has -been 
changed to an insulator of sufficient dielectric strength to 
withstand the potential tending to reestablish the current. 
If the separation of contacts is not sufficient, or if the con- 
densation and removal of gases is not adequate, or if the 
arc contained volatilized metal from the contacts, of sufficient 
quantity, the current will be reestablished. With an ideal 
oil breaker the current will not continue after the first zero value 
following the first complete separation of contacts. 

In actual practise, on large powers, possibly few breakers comply 
with this ideal, because the current continues beyond the first zero 
value, due to (1) insufficient separation of the contacts; (2) large 
amount of gas formed in the arc; (3) reduction of insulating value 
of oil between contacts owing to suspended metal and carbon 
particles condensed after each successive half-cycle arc. If 
the particular breaker application 1s too far from the ideal the 
reestablishment of current after the first and subsequent zero 
values will continue indefinitely, or at least be repeated so many 
times that the breaker will be damaged or destroyed. Usually, 
in such instances, it is a case of misapplication or failure to main- 
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tain initial conditions, for every breaker has its limitations within 
which it is good, but there may be a wide difference in rupturing 
capacity of breakers of given cost and space requirements, and 
it is by these differences that the better breakers аге distinguished- 
Increase in capacity of a system, failure to maintain breakers 
either as to mechanism or insulation, change of current lim ta- 
tions, changes in methods of operation, faulty relays, etc., all 
may act to increase the duty on a breaker, even to destruction. 

Plainly, it will be very difficult to interrupt an alternating 
current abruptly during any half cycle, for the same reason that 
an abrupt rupturing of a ficld current of a generator is difficult 
or dangerous. So it is that the endeavor of the breaker is focused 
upon providing against the reestablishment of current after nor- 
mal zero value. Clearly, each time the current is reestablished 
and continues to the next zero value, energy is dissipated іп the 
breaker tank, due to the arc. The oftener this is repeated the 
more the contacts are burned, the more the oil deteriorates, and 
the less the chance is of finally interrupting the current. 

Assume a breaker, operating on a 15-cycle circuit of a given 
current and voltage, begins separation of contacts just as the 
current is normally passing through zero, and that the separation 
of contacts (acceleration) is such that the current ceases at the 
next zcro. This same breaker operated in the same way on a 
like 60-cycle circuit will dissipate the same energy, if the current 1s 
of like volume and continues for the same time; that is, ceases at 
the fourth zero point. But, had the breaker been accelerated to 
prevent re-establishment of the current after the first half (60 cy- 
cles), the minimum energy could have been dissipated. Similarly, 
оп 80 cycles, the speed of opening should have been twice that for 
15 cycles; and in general, the rate of contact separation should be 
proportional to the frequency of the system when endeavoring 
to attain the ideal condition of terminating current at the end 
of the first half cycle. 

The extinguishment of the arc will be near the normal zero 
point regardless of the speed of opening, because, whatever 
the rate of separating the contacts may be, tending to rapidly 
insert a dielectric in the form of cold oil, a potential tending to 
maintain the circuit current will be developed, and this, 1n general 
will be adequate to break down the intervening dielectric. Thus 
the current will be sustained until practically its normal zero 
point is reached. This will be true even if the whole breaker 
jravel were accomplished in, say, š or 3 cycle; the current would 
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still continue to practically the normal zero point, as each 
higher rate of current reduction gives a correspondingly higher 
sustaining voltage for maintaining it. 

Furthermore, neglecting the voltage peaks required for re- 
establishing the current, the maximum steady voltage attainable 
across an arc is limited, regardless of the length of arc or current 
volume, and hence, the same loss is developed regardless of the 
rate or length of opening, provided the current and time of arc- 
ing is the same. This is explained as follows: With practically 
any current encountered in serious breaker problems, the ioniza- 
tion in the arc space will be quite complete and, therefore, it 
will constitute an excellent conductor, becoming better as it is 
further heated by increased currents, so that the drop will re- 
main practically constant independent of the current volume 
provided it does not fall sufficiently to threaten deionization. 
The distance between contacts when the arc space is completely 
ionized has very little effect on the drop across it, provided the 
currents remain large as in ordinary breaker practise. This, 
therefore, demands for the best breaker results, that the speed 
and length of opening be such that current may never be estab- 
lished after the first zero value of current following the separa- 
tion of the breaker contacts. 

From the preceding, it is plain that on low frequencies an arc 
enduring to the first zero value following the separation of con- 
tacts will, on the average, continue for a longer period, and there- 
fore dissipate more energy than an arc of like current but of 
higher frequencies, also extinguished at the first succeeding 
zero value. Thercfore, in general, the high-frequency currents 
will be interrupted with the smaller demonstration and lesser 
breaker duty than similar lower frequency currents, and the 
energy dissipated will be, on the average, for an ideal breaker, 
about inversely proportional to the frequency. 

After fixing the proper design of conducting details, allowing 
hberally for the continuous current-carrying capacity and for 
insulating distances—dielectric strength, such that liberal tests 
are successfully withstood—the problem of rupturing capacity 
still remains. On the higher potentials the insulation problems 
largely govern the dimensions. On the lower potentials mechan- 
ical considerations may largely dominate. 

Oil, being the accepted insulating medium, convenient because 
of its dielectric value and liquid form so well suited to cooling and 
replacing arc gases, should, particularly on higher potentials, 
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be of high grade. At the lower potentials the dielectric value of 
the oil is not so important. Some designs have been devised 
with the purpose of improving the circulation or agitation of the 
oil when the breaker operated so as to introduce fresh cool oil 
between the contacts thus sweeping away and condensing the 
arc products, and interposing a new clean dielectric which will 
not be punctured by the available potential tending to reestab- 
lish the current. Oils of low volatilization, slow carbonization 
and fair insulating value are desirable for average applications. 
For very low temperatures non-freezing oil should be used*, but 
these are usually so volatile at ordinary summer temperature 
that another oil must be used. A large oil volume is considered 
favorably, as through it the shock from the largely explosive 
action of enormous arc currents is reduced and absorbed. A 
large volume of oil will keep clean longer in a given service, and 
therefore maintain its insulation value better, besides initially 
affording better insulation distance. А large head of oil over the 
contacts means a heavier pressure on the arc bubble with conse- 
quent increased tendency to confine and quickly replace it with 
fresh oil. Facility of ionization of arc gases is decreased by 
higher vapor pressure, thus making reestablishment of the arc 
more difficult. The reduced volume of the gas bubble, due to 
the increased oil head, also disturbs the main oil body less, a very 
important matter when near the limit of rupturing capacity. 
especially of single-tank units. | 

The length of break is all-important, but if consideration of 
arc gases could be entirely eliminated, the length of break should 
only be sufficient to interpose an oil distance which would not be 
punctured by the available potential. As a rule, this would 
require but from 1 to 10 per cent of the actual travel available, 
as it takes 50,000 volts to puncture 1 in. of moderately good oil. 
Therefore, the travel represents a very large margin over that 
indicated as necessary by the diclectric value of the oil alone; 
but it is necessary due to the reduced dielectric strength—in 
fact, conducting condition— prevailing during the arcing period. 
In a number of tests on a 25-cycle power circuit at 12,000 volts, 
about 15,000 amperes were interrupted at the end of a 4-in. 
travel (one-half cvcle), although the contacts finally separated 
9 inches. 

An increased number of breaks in series, entirely neglecting 
method of accomplishment, would seem desirable, as the simul- 


* Most oils are unsatisfactory below 0 deg. or —10 deg. fahr. 
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taneous opening of several breaks will accomplish the intervention 
of a given oil distance more rapidly than will a fewer number of 
breaks, assuming that the rate of contact separation remains 
roughly the same for both. With the increased oil distance, re- 
covery after the first zero point is less likely. On the other hand, 
it is apparent that with the drop across each arc practically con- 
stant, the energy dissipated in the multi-break unit during the first 
half cycle will be roughly proportional to the number of breaks 
and greater than the few’ breaks. It probably will be consid- 
ered better to tolerate this ondition, with the assurance that the 
current will never pass the fir t zero, rather than contend with a 
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Fic. 1—VOLTAGE AND CURRENT CURVES FOR AN OIL CIRCUIT BREAKER 


Акс IN A NOn-INDUCTIVE CIRCUIT 


The normal voltage and current of the non-inductive circuit are shown; also the sudden 
increase of the alternating current occurring at the moment of short circuit. Coincident 
with the breaker opening, a slight diminution in current volume 15 noted, resulting from the 
increased circuit resistance, due to breaker arc, The voltage across the arc is shown as a low 
practically constant value, developing at about the moment of opening and continuing 
until near the zero value when it becomes the circuit voltage, owing to the cessation of cur- 
rent. It continues along this curve until it has reached a value sufficient to puncture the 
dielectric between contacts, and thus reestablish the arc, when it again drops to the low 
practically constant value, shown in the first half cycle. The current follows practically 
the sine wave form until near the first zero, when, owing to reduced volume and consequent 
lowered heating, the arc gases are chilled and deionized, suddenly interrupting the current 
slightly in advance of the normal zero point. From here the current remains zero until 
suddenly reestablished in the opposite direction by the normal circuit voltage. This same 
cycle will be repeated until the contact separation becomes sufficient to prohibit reestablish- 
ment of current by the available circuit voltage. 


design wherein the rate of breaking is not adequate to prevent 
repeated reestablishment of current after successive zeros. Тһе 
deteriorated condition of the oil is considered more serious with a 
slow-operatingbreaker after passing several zero values, because of 
the longer arcing time, than with the design dissipating the same 
amount of energy but previous to the first zero value. А scheme 
to increase the arc voltage would not be welcome, but a plan to 
reduce it, and yet retain conditions opposed to current recovery 
after the first normal zero value is desirable, as in this way the 
total energy dissipated would be reduced. Whether a multi- 
break design is to be preferred over the usual break will be 
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decided by what may be accomplished by the common two break 
construction, when highly accelerated. It is plain that the 
additional mechanical complications and consequent larger 
masses of the multi-gap breaker that must be moved, will con- 
stitute a very scrious problem. 

Consideration of Fig. 2 makes apparent the general effect of 
self-induction on current interruption. On а non-inductive 
circuit (the current and voltage in phase) the chance of current 
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Fic. 2—VoLTAGE AND CURRENT CURVES FOR AN Оп, BREAKER ARC 


IN AN INDUCTIVE CIRCUIT 


The normal voltage and current in an inductive circuit are indicated and the development 
of the alternating current from the moment of short circuit with its decrease to zero and 118 
later recovery in the opposite direction is shown. The voltage across the arc is also shown 
from the moment of breaker opening to near the normal current zero point where a high 
peak is developed which immediately drops to a low practically constant value, as shown in 
the first half cycle. Fig. 2 contrasts with Fig. 1 in that the current at the time of short cir- 
cuit is established gradually, and passes through zero to a negative value, practically as a 
sine wave, this action being repeated at each zero point until finally at the last zero 
recovery is impossible. From the moment of thc breaker opening the arc voltage develops 
almost immediately to a steady small value which holds until just before the first current 
zero. Неге the current value has been so reduced that the lower rate of energy dissipation 
is no longer able to prevent chilling and deionization of the arc gases. Thus, the arc gases 
change suddenly from the nature of a conductor to the nature of a dielectric and tend to ter- 
minate the current with equal suddenness slightly previous to the normal zero point. This 
action is acknowledged through the self-induction oL thie circuit by asharp voltage peak which 
breaks down the dielectric and is following by reionization within the arc space, whereupon 
the low arc voltage, as shown in the first half cycle, again appears. This same potential 
peak will occur at each successive zero until the current is finally terminated, when the arc 
voltage becomes the circuit voltage. 


reestablishment is much less probable than with an inductive 
circuit wherein—with lagging current—voltage is available for 
reestablishing the arc as the current emerges from the zero value. 
For this reason interruption of the current at the higher fre- 
quencies will be more difficult as the current lag for any given 
circuit is greater and the voltage tending to reestablish progress- 
sively more as the frequency is increased. On the other hand, the 
total self-induction of high-frequency circuits will usually be less 
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than on circuits of lower frequencies, and, therefore, the termina- 
tion of the arc current will be facilitated. This is apparent, for 
in the endeavor to suddenly rupture the current, but little sus- 
taining power is encountered in the practically non-inductive 
circuit, while in the highly inductive circuit every change in 
current is accompanied by a corresponding potential tending to 
maintain that current. 

In the breaker arc, as chilling occurs near the zero value of 
current, the ionization of the gases ceases and conductivity in the 
arc space is so reduced that the current can only be established 
by a potential capable of puncturing the resulting dielectric 
which has become very much stronger than it was previous to 
deionization. Very high arc currents, with their correspondingly 
high temperatures and increased volume of arc gases, make deioni- 
zation much more difficult, thus rendering the successive reestab- 
lishment of current much easier. Тһе enormous energy dissi- 
pated by very large currents as the contacts first separate is a 
demonstration of an explosive character. Breaker tanks have 
been blown off with practically no contact burning, evidencing a . 
violent pressure of short duration. So it is that larger currents 
are more difficult of interruption. 

Facility of deionization of the arc gases will depend upon the 
temperature and pressure of the surrounding oil, and the shape 
and volume of the contacts, and also on their heat conductivity 
and vaporizing temperature. Plainly, contacts of small volume 
with sharp edges, low heat conductivity and low vaporizing 
temperature are least favorable to the breaker. From this it is 
apparent that a small breaker, on the score of volume and shape 
of contacts alone, is more severely tried than a larger unit. This 
plainly emphasizes the desirability of large contacts of smooth 
shape. 

Gravity-actuated breakers never open quite as rapidly as a 
free falling body, and sometimes the retarding influence of the 
mechanism is very scrious, so that accelerating devices are now 
common, and the rate of opening is in many breakers much more 
rapid than that obtainable from unimpeded gravity alone. The 
matter of stopping the moving parts as they approach the end of 
the stroke has to be carefully considered, in the case of larger 
breakers, even when unaccelerated, but when highly accelerated 
the problem is more serious and may even be complicated. Fast 
closing is important like fast opening. An explosive action is 
likelygas the arcing tips of a slow-closing breaker touch when 
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closing against a short circuit, due to the violent energy dissipa- 
tion and consequent volatilization of contacts and oil This 
action is identical with that occurring in as low-opening unit. 
Modern practise, particularly on the score of general simplicity, 
favors the solenoid operation for all remote-controlled oil breakers 
save when manually operated. 

Tending to limit the maximum capacity that may be ruptured 
by a single plain brcaker, large current. volumes are the most 
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This figure shows the curve of a free falling body, which is the best that a plain unaccelera- 
ted breaker can do. It also shows the actual rate of opening of a specially accelerated break- 
er built for extra high voltage service. The unusual acceleration in the first 40 per cent of 
the travel is obtained by a retrieving contact which is drawn out by the already highly 
accelerated main contacts and then suddenly retrieves while the main contacts continue to 
near the end of the stroke, where they are retarded and the blow from their fall absurbed. 


serious problem because of their practically explosive action. 
As the operating voltage increases, the available currents de- 
crease proportionately, but the difficulty of the problem 1s not 
much improved until rather high potentials are reached when the 
distances necessary for obtaining a proper margin of safety for 
insulation and test afford relicf from mechanical shock encount- 
ered in the designs for lower voltages. Probably the maximum 
power that plain breakers as now built could rupture will approx- 
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imate the power that would be delivered through a shunt-tripped 
breaker at the time of opening, by 150,000 kv-a. of modern 
high-reactance gencrators on a single bus, feeding a maximum 
short circuit, so that the current is limited only by the generator 
impedance. In general it will be easier to handle the given short 
circuit at.say, 15,000 volts, because at higher potentials the 
chance of reestablishment may be greater, while at lower poten- 
tials the volume of current would seriously increase the total 
amount of energy to be dissipated in the arc, and therefore the 
difficulty of terminating the current. A breaker adapted to 
such a station for 15,000-volt service is illustrated in Fig. 6, and 
is constructed with particular regard to obtaining the strong 
tank and supporting details, so that even with violent energy 
dissipation in the arc, the mechanical details will withstand the 
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Sequence of operation of breaker shown in Fig. 4. 


shock. This breaker will require for installation, a space approxi- 
mately 7 ft. 4 in. by 2 ft. 1 in. by 9 ft. high. 

In endeavoring to raise the limit of power to which plain break- 
ers may be applied, without employing permanent current-limit- 
ing reactance, originally the resistance and later the reactance 
breakers were developed. Initially, as is fairly well known, the 
design took the form of a resistance with a number of contacts, 
each one introducing more resistance into the circuit, and the 
last opening the circuit. This was later simplified, making but 
two steps, the first introducing a considerable resistance, and the 
second opening the circuit. Because of difficulties in the design 
and application of resistance, reactance was substituted, and a 
considerable number of such breakers has been built. The re- 
actance breaker followed the form of the later resistance breakers, 
in that two steps were employed; one to introduce the current- 
limiting reactance, and the second to open the circuit. The 
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. reactors are designed to carry current but a very short period, 
asthe timebetweenintroducing them into the circuit and final rup- 
turing of current is very short—considerably less than one second. 
In this way a small conductor of many turns affords in small 
space a very considerable reactance. A still later development 
of the reactance breaker idca has somewhat simplified the matter. 
Instead of employing interlocked mechanism, such that the first 
mechanisin introduces the reactors, and the second opens the 
circuit, two similar breaks are now employed operating simul- 
taneously from a common mechanism—one of which is shunted 
by a reactance coil. It is well known that the shunted arc is 
inclined to be unstable, and in actual test it has been found that 
the shunted breaker docs its duty promptly and with very little 
effort. The final break, of course, will only involve the current 
permitted by the limiting reactance. This will be easily termina- 
ated, so that with this arrangement the shunted pole will prob- 
ably only arc to the first zero—not recstablishing—and the 
second pole will not arc beyond the second zero, even though the 
circuit be highly inductive, because of the limited current which 
it has to interrupt. This arrangement is very simple as to mech- 
anism, permits the employment of the standard breakers and 
allows mounting the current-limiting reactors wherever it may 
be convenient in the installation. 

For some time breakers were supplied according to the judg- 
ment of the designer of the equipment, or according to the ideas 
of the purchaser. No definite plan of rating or determining 
capacity existed. Later, more attention was paid, especially 
to installations on the large powers, and some approximations 
were madc, as to what the proper rating for the breaker should be. 
Now, installations are quite generally receiving individual con- 
sideration in the breaker applications, and the desirability of a 
uniform method of rating is growing constantly more pressing. 
А method, devcloped from experience, tests, and considcration 
of common problems, assumes the breaker to be installed directly 
on the bus and to protect same against nearby short circuits. 
In determining the maximum breaker duty a generator equip- 
ment of 8 per cent 1mpedance—capable of delivering 1216 times 
normal current at the first instant of short circuit, is as. ed. 
It is also assumed that by the time breaker opening occurs, this 
maximum current value will have decreased to one half the iniz 
tial, namely, to 6} times normal. In this way, when a breaker 
design has been fixed as capable of rupturing a certain current at 
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a certain voltage, the kv-a. rating of the system to which it may 
properly be applied is one whose normal current rating is obtained 
by dividing the breaker current rating for the particular voltage 
by 61. Thus, a breaker rated at 160,000 kv-a., three-phase, 
44,000 volt contemplates 2100 amperes per phase in the arc and 
may properly be applied to a station having a normal current 
of 335 amperes, 44,000 volts three-phase. АП of this contem- 
plated instantaneous tripping. If time tripping is employed so 
that the current may have decreased to some smaller multiple 
of the normal value, application may be made to a still larger 
station, provided always that the maximum current to be ter- 
minated does not exceed the maximum volume given (in this 
case 2100 amperes). The time to reach the sustained short- 
circuit currents will vary widely; possibly from 15 to 50 cycles 
on 60-cycle systems, and from 5 to 20 cycles оп 25-cycle systems. 
With time elements set for these periods or longer, the maximum 
duty on the breaker will approximate interrupting double current, 
and in general, for such installation the capacity of the plant 
may be at least doubled as against the safe application on in- 
stantaneous tripping. 

The best method of specifying breaker equipment for a given 
service is to indicate the duty which the breaker will be expected 
to perform by giving the maximum current that it may be called 
upon to interrupt, as well as the service voltage. It will be rec- 
ognized, when this is done, that the source of power, method of 
tripping, or location on the system is immaterial, for all of those 
considerations are covered when the value for the maximum cur- 
rent is fixed. Some installations and classes of service may not 
warrant employing a design which will satisfactorily and repeated- 
ly handle the worst short circuit currents. Forsuch installations, 
when the extreme maximum currents are very improbable and 
it is not desired to allow them, the usual maximum current which 
the breaker may be called upon to interrupt should be taken as 
the basis, and a breaker of such rupturing capacity specified. 

The present tendency in circuit breakers is largely to improve 
mechanical details. Insulation of designs has generally been 
adequate. Among the notable mechanical features found in 
modern breakers are: (1) Increased strength of tanks with sup- 
ports and fittings so as to safely withstand the shock of rupturing 
large powers. (2) Rapid acceleration of breaker so as to obtain 
high rates of contact separation with the attendant early termina- 
tion of arcs, and consequent reduced energy dissipation. (3) Pro- 
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vision for vented expulsion chamber over the oil from which gases 
may escape, without entraining much oil, thus reducing the high 
and otherwise destructive pressures occurring in heavy duty. 
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This mechanism illustrates an arrangement Commonly applicable to remote manually 
or electrically-operated breakers, and consists essentially of a spring for accelerating the 
opening of the breaker, with a plunger in a cylinder for retarding and bringing the moving 
contacts to rest without shock at the end of a stroke. 


° “ 


(4) Arrangement for liberal and easily replacable contact parts of 
minimum cost, in even small as well as larger capacities. 
(5) Employment of larger capacity (single) pole units, suitably 
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This figure illustrates a typical solenoid mechanism for operating electrically controlled 
breakers, and incorporates the accelerating and dash pot devices shown in Fig. 7. 
assembled, and operated from a single separate mechanism, in- 
stead of using multipolar units assembled with individual 
mechanisms. 

In existing practise, wide differences are found, and operating 
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engineers sometimes seem to have almost opposite opinions. 
In one installation a breaker discharging a very small volume of oil 
accompanied by some smoke under the most severe conditions 
was considered as a hazardous application. On another system 
blowing off of breaker tanks was considered fairly scrious, but 
principally because of the difficulty in replacing the distorted 
tanks. Mere discharges of smoke, oil, or distortion of the tank 
were looked upon as of trifling consequence, so long as the appara- 
tus remained in operating condition. ' This brings up the ques- 
tion, frequently arising, ‘‘ when is a breaker satisfactory for a 
given service?" One reply advocated that if the unit may im- 
mediately be put back into permanent satisfactory operation 
without immediate repair, it is proper for the particular applica- 
tion. 
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DISCUSSION ON “ENGINEERING DATA RELATING TO HIGH- 
TENSION TRANSMISSION SYSTEMS ” (SUB-COMMITTEE RE- 
PORT: Tuomas), Detroit, Місн., JUNE 25, 1914. (SEE 
PROCEEDINGS FOR OCTOBER, 1914.) 

(Subzect to final revision for the Transactions.) 

John B. Fisken: On page 1457 it is stated for the Washington 
Waterpower Company, “ We have noted no deterioration in 
conductors.” That, as far as I know, was true up to within 
the past few weeks. Since I left home I have been advised that 
a very serious deterioration has been noticed in some of the 
conductors. I have a small sample of wire here which was sent 
to me at Detroit, which I will give to the chairman; it shows the 
deterioration to which I refer. I do not know what the cause 
is, and I cannot account for it, unless it is a corona effect. 
It appears to be a very serious matter. This line has been іп 
operation about cleven years. The first eighteen months it 
was operated at about 45,000 volts, and since then at 60,000 volts. 
The triangle 1s 42 inches. The insulators are carried on iron 
pins and wooden poles, and until about two years ago the pins 
were not grounded. At that time we did ground the pins and 
that has had some effect on the wire, possibly. I merely call 
your attention to this to show that we at any rate have found 
deterioration in the conductors. 

Percy H. Thomas: There is а marked deterioration in the 
wire; a wasting away in spots of the mctal at least 1/16 in. deep. 
We are greatly indebted to Mr. Fisken for bringing this point 
forward, and it is a matter that we should all bear closely in 
mind. What part of the svstem was this taken from, and what 
were the conditions surrounding the line at that point? 

John В. Fisken: Тһе climate is such that for about two 
months in the summer there is practically no rain. The average 
annual precipitation is about 22 in., and the clevation where 
that wire was taken down was about 2500 ft. 

Percy H. Thomas: Was this deterioration noticed generally 
over the svstem, or at some particular location? 

John B. Fisken: We have only gone over a few miles of the 
line, and it has been noticed all over that portion. This matter 
has only come up within the last month, so we have not had time 
to make a full examination of the rest of the line, which is about 
100 miles long. 

S. C. Lindsay: The Committee states that there were onlv 
a few companies using protective relavs, and that the Puget 
Sound Traction, Light and Power Company does not state 
the result of selective action. When the data were compiled 
we had only two lines equipped with reverse-power relays, and 
we had not had a case of trouble on either line since they were 
installed. The question of equipping our whole svstem with 
automatic relays had been thoroughly investigated, and the 
equipment was being installed when these data were supplied. 
Since forwarding these data to the committee we have had 
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several cases of trouble, and on the whole are getting very 
encouraging results from our automatic relavs on networks of 
lines. We have three networks, 50,000-, 13,000- and 2200-volt 
lines. Our relay installation is not complete at this time, 
but within the course of a year our company will be able to 
contribute additional data on the question of automatic relays 
for protecting networks. 

Percy H. Thomas: The matter of protecting telephone lines 
on the same towers as high-tension lines, or even in the same 
general neighborhood and paralleling high-tension lines, is a 
most important one. There are two difficulties encountered, 
the difficulty of talking and hearing, and the danger to the 
operator. 

The difficulty of talking is due to electrostatic, and; to some 
extent, electromagnetic, induction between the high-tension 
line and the telephone line. It is of course the long parallelism 
between them that makes the situation serious, on account of 
the very great sensitiveness of the telephone. The telephone 
line is so sensitive to this disturbance that putting the telephone 
line a mile awav from the power line will not prevent interruption 
of telephone service under most conditions whenever the power 
line is grounded or short-circuited, or by the charging of elec- 
trolytic arresters, or almost апу kind of electrical disturbance. 

If the telephone line is a mile away and has not protective 
means, talking is usually impracticable when the power line 1s 
upset from any cause. It is relatively сасу, however, to protect 
such a telephone line so that talking is good, for example 
by the use of drainage coils. The drainage coil is a transformer 
winding connected between the two telephone wires and having 
its middle point grounded. 

The characteristic of the voltage disturbance produced in a 
telephone line bv the power line, which distinguishes it from the 
useful voltage in the telephone line producing the talk, is the fact 
that mduction from the power linc affects both telephone wires 
alie. It the induction 1s such as to raise the potential of the 
telephone wires they are both raised at once, and if it is such as 
to lower the potential thev are both lowered at once. "Talking 
through telephone wires, on the other hand, produces potentials 
positive on one telephone line and negative on the other. Тһе 
power disturbance raises them or lowers them together. А device 
which will prevent a change of potential of the same sign in the 
two wires, but will permit potentials of opposite signs to exist 
in the two wires, gives the desired result of permitting talk 
and resisting induction. The drainage coil does just this. Тһе 
induced currents which tend to flow to ground at the same time 
from the two telephone wires are unimpeded, since the magnetic 
effects 1n the windings will ncutralize each other, and will not 
produce any magnetism in the core of the transformer. There- 
fore, the only 1mpedance to ground they mect is due to the resist- 
ance of these windings and to whatever magnetic leakage there 
may be between the two halves of the winding. 
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Obviously, the disturbance produced in the telephone wires 
by the power line 15 of such a nature as to send a charging current 
into, or out of, the two telephone wires at the same time. If 
no charging current can flow, the induction affects the potential 
-of the two wires. With a connection to ground, the effect of 
the disturbance 1s to produce charging current 1n the two wires. 

It 1s 1mpossible to eliminate absolutely the resistance offered 
by the drainage coil to the charging current to ground, but the 
residual 50 or 100 volts, of course, is 1mmaterial. Тһе one pre- 
caution to observe with this kind of protection is to make sure 
that there is no condition in which the power line disturbance 
can produce so large a charging current to the telephone wires 
through the drainage coils as to burn them out. 

Where the exposure of a telephone line to a high-tension line 
is a good many miles, it is good practise to have a number of 
these drainage coils, so if anything happens to one, others will 
remain and protection at anv one point does not depend on a coil 
a hundred miles away. 

5o much for thc first tvpe of disturbance of the telephonc linc, 
and drainage coils, properly installed, are pretty nearly sufficient 
for protection. 

The second tvpe of disturbance is the danger to operators. 
The 1 to 1 transformer is certainly a verv great protection, but 
remember this—they are generally tested at not over 25,000 
volts, which 1s hardly sufficient, on a 100,000-volt system, to give 
absolute protection. It 1s desirable to have spark gaps and fuses 
as well. 

The insulating transformer very materially cuts down the trans- 
mission of speech. It is not possible to speak as clearly through 
the insulating transformer as if the transformer were not there. 

Ernest V. Pannell: In view of the verv valuable data given 
in this report, it is scarcely fair to criticise its lack of completeness, 
but I think 1t would have been more interesting if it had been 
possible for the report to show how the design of the line is in- 
fluenced by the conducting material used. In going through 
this list of transmission lines, it is notable that 40 per cent of 
them are using aluminum conductors to a greater or less extent. 
In addition we see a metal in use which I believe is copper-clad 
steel, and also steel-core copper and steel-core aluminum. Now 
if we had a thorough and exhaustive report, comparing these 
various materials side by side, with their advantages and dis- 
advantages, and the various experiences in operating them, it 
would, I am sure, fill a very wide gap in our practical knowledge 
of transmission line design at the present day. 

With particular reference to long spans, of course this is 
the incentive which has brought most of these high-tenacity 
materials into use, and in this connection it has frequently been 
said that aluminum is good for spans which do not exceed six 
or seven hundred feet. In view of the remarks of the Pacific 
Gas and Electric Company in this report, however, and of other 
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companies operating with aluminum on their long spans, this 
seems no longer to hold good; and with the greater tenacity ob- 
tained in the present-day product, it would seem that aluminum 
is perfectly satisfactory on all spans which can be run with copper. 
An additional piece of information comes to my mind, and that 
is a transmission line recently erected in Norway, where they 
are putting on spans up to 2300 ft. in length, which are being 
made with cables of a light aluminum alloy having a tenacity 
of 36,000 Ib. per sq. in. 

Where a line has been designed for aluminum conductors as 
an alternative to copper, it does not seem to me that the correct 
principle is always followed. Almost invariably the aluminum 
conductors are chosen equivalent to the conductivity of the 
copper only. Necessarily, the aluminum will have a greater 
sag, and higher and more costly towers will be required. If, as 
an alternative, cables of larger area of cross-section were used, 
the tension on the lines could be increased, the sag decreased, 
and the towers, although thev would have to be stiffer, need not 
be as high, and I believe the line would be more reliable through- 
out and at least as cheap. 

If there is any information forthcoming on this matter of 
compound stecl-copper and steel-aluminum conductors, it would 
be interesting to know just how the stresses are distributed in 
them. І take it, that where a steel-core is emploved, instead 
of aluminum or copper, the lav of the stecl is longer than that 
of the outer mctal, so that it takes the major part of the pull. 

The sample which Mr. Fisken showed to us was very intercst- 
ing, and it appeared as if the trouble was due to abrasion rather 
than corrosion. I do not know whether anvone will bear me 
out in that. I will ask Mr. Fisken, in view of the fact that I 
believe he has some alununum wire on his svstem, whether 
the aluminum conductors have shown similar trouble, or how 
thev are behaving. [t is а notable fact that under manv at- 
mospheric conditions which cause copper to deteriorate, alum- 
inum has been found to operate satisfactorily. 

Percy H. Thomas: What do vou mean by a tenacity of 
36,000 lb. per sq. in? Is that the ultimate strength of the 
elastic limit? 

Ernest V. Pannell: That is the ultimate strength per sq. 
inch. 

John B. Fisken: We took down about 50 miles of aluminum 
wire that had been in operation for about five years and nothing 
of this kind was found; whether it will be in the same condition 
after ten vears, or not, I cannot tell. 

Percy H. Thomas: Possibly some of vou gentleman do not 
happen to have noticed that we have at least two or three long 
transmission lines which are using a special cable with a stecl 
center, and a number of aluminum strands wound around it, 
the stcel being very high strength steel, and the aluminum giving 
conductivity and giving large diameter to keep down corona. 


288 HIGH-TENSION TRANSMISSION [June 25 


I wonder if there is anyone present who can give us any further 
information about that steel-aluminum cable. 

E. E. F. Creighton: I wish to say a few words abod the 
vacuum lightning arrester which has been under development 
for a number of years, to have no misunderstanding of the limi- 
tations of its use. Mr. Emerson P. Peck has taken the initiative 
in applying this arrester to the protection of telephone wires 
situated on 11,000,- 22,000- апа 110,000-volt lines of the Georgia . 
Railway and Power Company. The lightning arrester was de- 
veloped specifically for signal circuits of steam railways and it 
was intended in these circuits to make the arrester so that it 
would never short-circuit. A short-circuited arrester on a signal 
circuit means a false signal of. safety, and therefore is very dan- 
gerous. This arrester was developed with that idea in mind, 
to avoid the danger of short-circuiting. As a result, the arrester 
will stand momentarily 1000 amperes of direct current at 600 
volts, while a circuit breaker opens, without having its electrodes 
welded together—in fact, it will do this a number of times. 
Opening up an arrester after tests of that kind we found the elec- 
trode very much shrunken in size, but in no case was the electrode 
melted in such a way as to come in contact with the outer copper 
tube. Iam not bringing this matter up at this time to describe 
the arrester, but to describe the limitation, and therefore I shall 
pass immediately to the point 1n mind. 

While the arrester was developed to withstand heavy current 
for a brief time, it was not given sufficient cooling area to dis- 
charge a small current for a long time. It frequently happens 
that an accidental arcing ground occurring on a system lasts for 
a considerable length of time before it is removed. If this 
arrester 15 so placed that discharges pass through it during this 
period it is liable to be overheated and damaged. Mr. Peck 
has apparently found no trouble from this source, and it is prob- 
ably duc to the fact that continuous discharges do not take place 
for a long time through the arrester in the position in which it 
was used. An arrester having plenty of cooling. surface can be 
made for this particular service and a few of them have been 
put out. I think the important point is that with the arrange- 
ment that Mr. Peck has used* it seems unnecessary to take the 
precaution of using a larger lightning arrester and a more ex- 
pensive one in order to keep it cool. 

In the matter of the damage done to the wire which Mr. Fisken 
showed, we have had in certain types of apparatus which we have 
built in the laboratory something quite similar that makes us 
think it is the same thing. Anclectrostatic relay in which an 
insulator was used to furnish the elecirostatic pull produced just 
such corona, which formed nitrous oxide, and with the natural 
moisture in the air, formed nitric acid. This corona discharge, 
which was a little heavier than the blue discharge which gives 
ozone, was confined іп a glass box. Th? nitrous ox:de continued 


*October, 1914, PRocEEDiINGS A. I. E. E., pages 1476-1480. 
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to increase in density, and as a result every one of the metal 
parts inside, except the aluminum, was very badly corroded. 
It would seem that this is the same thing that Mr. Fisken 
found, in that the wire is eaten out directly above the insulator 
where it lay on top of the porcelain, in the location where the 
corona would be the strongest. Taking into account the 
high altitude and the fact that the insulators were made many 
years ago, it would lead one to believe that the static charging 
current in that insulator might be sufficient to get the corona 
above the value which causes ozone, into that region of discharge 
where nitrous oxide is formed. One can easily determine visually 
the intensity of corona discharge which forms nitrous oxide. It 
is marked by the appearance of definite little threads or bright 
streamers in the otherwise uniform blue brush discharge. 

Percy H. Thomas: What Professor Creighton says certainly 
sounds very reasonable, and I want to ask Mr. Fisken if any 
of the insulators in this neighborhood are on wooden pins. 

John B. Fisken: All iron pins. 

Percy H. Thomas: Have you examined the tops of any of 
the pins—do they show any sign of deterioration? 

John B. Fisken: No. 

Percy H. Thomas: І should say the iron would be attacked 
by nitrous oxide if it existed. 

John В. Fisken: We have taken off a number of pins and 
never noticed anything of that kind. 

Percy H. Thomas: Are they set іп cement? 

John B. Fisken: No, in lead. 

Percy H. Thomas: The digestion of tops of wooden pins 
suggests this same sort of action. 

F. W. Peek, Jr.: The explanation of the brush discharge as 
the cause of the deterioration of the line conductor, which Mr. 
Fisken has shown, is undoubtedly the correct one. This occurs 
at or near the insulator. Where the wire is tied to the insulator 
there is the metal conductor, a thin film of air, a thickness of 
porcelain, and the pin. There is thus a condenser with the line 
conductor as one plate, air and porcelain in series as the di- 
electric, and the metal pin as the other plate. The voltage 
across this condenser is equal to line voltage divided by 4/3. 


The same dielectric flux passes through the porcelain to the air. 
The permittivity of air is 1 and of porcelain is 5. The porcelain 
“ conducts " the dielectric flux five times as well as air. The 
voltage gradient in the the air film is thus five times what it 
is in certain parts of the porcelain. This air film breaks down 
as a brush. Air consists of a mechanical mixture of oxygen and 
nitrogen. The oxygen is Os (O=O) and is inactive. In the 
brush it splits up as О. Recombination takes place as Оз and 


O 
Оз С о) Both О and О; аге chemically active and 


oxidize the conductors. At high gradients on the air, nitrogen 
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also combines with the oxvgen and іп the presence of moisture 
forms nitric acid. This also attacks the conductor. Each 
insulator is a small ozone and nitric acid generator. It can 
be prevented by a properly placed corona shield. 

Aluminum is affected to a much less extent by the above 
cause. Either aluminum or copper may, however, deteriorate 
very rapidly due to desulphurizing, and other mining processes. 

Percy H. Thomas: I want to call attention to the fact that 
it is not excessive line potential, primarily, that breaks down the 
small air gap between the insulator and the conductor, it is the 
fall of potential across the air gap itself. With a small enough 
air gap, a low potential will produce this breakdown. Mr. Peek 
has spoken of a similar action in the windings at the end of 
the coils of the armature of a 200- or 300-volt generator, where a 
concentration of potential may under some circumstances be 
sufficient to produce this acetic or nitric acid formation, and de- 
teriorate the insulation. The same thing occurs in rubber- 
covered underground cables where there is a great concentration 
of potential, and when the ends of the rubber covering are 
exposed to the air there is oftentimes a hardening or deterioration 
of the rubber due to oxidation from the formation of ozone. 
Those of you who use suspension insulators may feel secure in 
this matter with the idea that the insulators are connected to 
the conductor bv a metal clamp, and no difference of potential 
can occur to form nitric acid on the conductor in the clamp. 

R. Fleming: Regarding the action of nitric acid under at- 
mospheric conditions, I do not remember having seen it proved 
very conclusively just what action takes place. It seems to me 
we have here an opportunity to get at least tentative proof as 
to what action takes place. Itis surely chemical. Оп examining 
the sample of wire you will find there is plenty of deposit which 
would enable a chemist to analyze and determine its chemical 
nature. It is probably sulphate, it may be nitrate, or it тау 
be carbonate of copper. The electric discharge alone would 
probably not disintegrate wire in the manner here shown. 

H. H. Norton: I would suggest that a number of samples 
be collected and submitted for analvsis to some chemist capable 
of performing such an analysis. It would require considerable 
work to do it. I ask Mr. Fisken if there аге any smelters in the 
vicinity. Smelter fumes are likely to produce sulphates. 

M. von Recklinghausen: I have examined this picce of wire, 
and to meas a chemist it looks strange that it is attacked deeply оп 
two points. These are probably the points where the tie wire 
has touched this wire. There тау be two explanations here— 
one is mechanical, but I do not think that 1s likely. Тһе other 
тау be electrolysis. Тһе tie wire is not of the same metal, 
although both are supposed to be pure copper. Both are not 
pure copper. They are different in composition, and it is pos- 
sible that there 1s some electrolvtic action. going. on between 
the two and the humiditv from the atmosphere. І offer that 


1914) ‘DISCUSSION АТ DETROIT 291 


merely as a possible explanation. I cannot say, offhand, that 
that is the cause, but it looks to me very much as if such electro- 
lytic action between the tic wire and the conductor itself could 
take place due to the humidity as an electrolyte. 

F. W. Peek, Jr.: I want to answer the question which has 
been raised, and state that such an analysis has been made, 
though not on Mr. Fisken’s cable. We have made analyses on 
other samples, and found a combination of nitrogen and copper. 

D. D. Ewing: In looking over the samples of wire brought 
by Mr. Fisken, I noticed that the deposit of salt was heavier on 
the pole insulator wire than on the two arm insulator wires. 
It seems to me that this indicates that the corrosion 15 worse on 
the pole wire than on the arm wires. If such is the case, it does 
not look to me reasonable that it is a nitrogen proposition alto- 
gether. 

I believe Mr. Fisken made the statement that for two months 
in the year there was no rainfall in the district traversed by this 
line. Не did not say anything about the soil and dust condi- 
tions, but I would judge, if there is no rain for two months in 
the year, that it gets pretty dusty. If the soil contains either 
soluble organic acids, or inorganic salts, dust in combination 
with water might produce the corrosion. The salt looked to 
me like carbonate or sulphate, or possibly nitrate, although it 
is impossible to determine its exact nature by inspection. 

R. E. Argersinger: I want to call attention to the report of 
the Pennsylvania Water and Power Company engineers on the 
operation of their system, particularly as regards the use of 
reverse power relays at the substation end of the linc and inverse 
time limit relays at the generating station, and also to point 
out that they are doing automatic switching on the low-tension 
side of the transformers at both ends of the line. This matter 
is referred to on pages 1460 and 1461 of the report. This sys- 
tem includes a 70,000-volt line, about 40 miles long, two circuits 
in parallel on the same tower line, with neutral grounded through 
resistance. As the report points out, it is difficult to gct a clear 
idea of the relay action, since the operation 1s complicated by 
the use of arc extinguishers and also ficld-destroying devices. 
The relays are set with a time limit so that the arc extinguisher 
will operate first in case of flash-over to ground, and if that 
fails to relieve the trouble the relays operate the switches onlv 
on the line affected, and the point is that they actually cut out 
the circuit in trouble without disturbing the parallel circuit and 
without interruption of service. It is interesting to note that 
a few other companies are introducing this system of operation. 
Mr. Lindsay says his company is going into it, but that they 
have not had much experience yet. In my opinion, this 15 one 
of the most important features to be considered in the layout of 
a high-tension transmission system. 

In an article I wrote, published in the G. E. Review for June, 
1913, this system of connections was described. In an elemen- 
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tary жау such a system might be represented by the diagram in 
Fig. 1, herewith, which represents a generating station connected 
to a substation by two transmission lines. 

The normal condition of operation would be to have all of 
gencrators in parallel on the bus A and all of the feeders in 
parallel on the bus D. The high-tension buses В and C would 
normallv be opened bv 5 and Т. Switches Е and G would be 
equipped with inverse time limit relays. Switches K, P, R 
and M would be non-automatic, and switches F and L would be 
equipped with reverse power relavs. Іп case of trouble, then, 
on one line, say at X, the switch F would be opened by the re- 
verse power relay. Switch Е would be opened by the overload 
relay. The load would be auto- 
matically thrown over to the other 
line without interruption of service. 
This means that for a short time 
the second line and its transformers 
would possiblv be overloaded, but 
in the worst case such an overload 
would not exceed 100 per cent and 
the apparatus should be capable of 
carrying such an overload for a 
period of time sufficient to open 
switches K and M and close switches 
S and T, after which transformer 
banks П and I can again be put 
into service in parallel with V and 
W on the second linc. 

The scheme of operation would 
be exactly the same if each of 
the four transformer banks shown 
were replaced by two or more 
banks, so long as thev were 
paralleled on one  high-tension Fic. 1 
line, under which conditions, in 
order to clear the line, it would be necessary to cut off all of 
the low-tension transformer switches involved. Usually it 15 
not practicable to carrv much over 20,000 kw. on a single 
transmission line, and a single bank of transformers can readilv 
be used with a line of such capacity, that 1s, each single-phase 
transformer would be rated at sav 6666 kw. Such a:size 
would be economical for high-voltage design and the entire 
lavout would be cheaper, as regards both transformers and 
switching equipment, than if a greater number of transformer 
banks were used. 

This svstem permits, under ordinary conditions, all of the 
automatic switching to be done on the low-tension side, which 
in itself is an advantage. Some tests were made about two years 
ago on a large 44,000-volt system by putting spark gaps across in- 
dividual coils of the high-potential winding of a transformer 
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and setting up disturbances on the high-tension line. The volt- 
ages across the coils, indicated by the spark gaps, varied from 
something like three to four times normal in case of an arcing 
ground to about twenty times normal for operation of a high- 
tension switch. Such results merit careful consideration. Fur- 
ther, with the transformers grouped with relation to each line, 
instead of being paralleled on the high-tension bus, the effective 
reactance in circuit when a short circuit occurs in the high-tension 
line is so much higher that the rush of current is materiallv les- 
sened, thus decreasing the danger of damage to line insulators 
by high-power arcs and of burning off line conductors. T believe 
that entirely aside from any question of the danger of high-ten- 
sion switching, the advantages of such a system of connections 
merit its use simply from the standpoint of decreased first 
cost of transformers and switching equipment, and the reduction 
in destructive effects of line disturbances, due to the increased 
effective reactance. | 

Іп the past, some objection has been made to reverse energy 
relays, ав it was claimed that under the potential drop due to 
short circuit they would fail to operate properly. This difficulty 
has been practically done away with in most of the reverse 
energy relays now on the market, and further, under the con- 
ditions which usually obtain, they will not operate on overloads. 
Only recently, in putting into service a 120,000-volt system, 
about 150 miles long, where the principles indicated above were 
carried out strictly, a short circuit was made on the high-tension 
side of one of the substation transformers. The reverse energy 
relay acted promptly, notwithstanding the drop produced ‘by 
the short circuit. Several other occurrences took place causing 
line disturbances, such as a lightning stroke on the line close to 
the generating station, a short circuit produced by wire falling 
across transmission line, etc., but in each case the relays operated 
properly so as to cut out only the line in trouble, without inter- 
rupting service. The diagram, Fig. 1, shows only two simple 
stations. The same principles, however, can be applied to any 
number of stations and substations ticd together in a system, 
provided there are two transmission circuits. 

E. A. Lof: There is one point of particular interest in this 
report, and this is the section on pages 1463 and 1464 dealing 
with the operation of a system with one of the phase wires 
grounded. It is notable here that for systems of very high volt- 
age the effect of such an operation has been rather severe. One 
company, for example, states that it has had numerous punctures 
of insulators and breakdowns of bushings, while another com- 
pany states that the effects have been too severe to operate 
its system with one wire grounded. 

This brings out an important point. For a Y-connected sys- 
tem with the neutral grounded, the grounding of one phase 
wire will short-circuit this particular phase and the circuit 
breakers will trip, thus entirely cutting out the line. For a non- 
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grounded, delta-connected system, however, the grounding of 
one phase will have the effect of increasing the capacity of the 
line. Under normal operation this capacity is in proportion of 
the voltage to the neutral, but when one line becomes grounded 
this voltage is increased to the full line potential, and the charg- 
ing current will be proportionatelv increased. This in turn 
raiscs the voltage at no-load, which will be about 70 per cent 
higher than it would be when under normal operation. Actual 
experience has proved that this is the case and it probably will 
be one of the most important factors which will decide against 
delta connection for svstems of very high voltage. 

Selby Haar (by letter): The report which is now laid before 
the Institute is a thorough piece of work, and one which fully 
entitles the committee to the special thanks of the members. 
It 1s regrettable, however, that approximately complete replies 
were obtained from less than one-fourth of thc companies ad- 
dressed. 

The writer, having recently made a somewhat similar investi- 
gation (covering transmission svstems all over the world, how- 
ever), would like to call attention to certain practises brought 
out 1n the report by citing other solutions of the same problems. 
(The numbering of the following items refers to the list of ques- 
tions given in the Appendix to the committee report). 

A-2. The tower is seldom used abroad, metal poles being se- 
lected for high voltages, and wood or concrete for lower 
voltages. 

B-1to 15. The following data apply to a 70.000 -volt Swiss line 
recently built. 

1. 19-strand cables 0.394 in. diameter, breaking strength 
57,000 1b. per sq. in., E = 17,700,000 Ib. per sq. in. 
(working stress 8500 lb. per sq. in.). 

3. 7-strand cables 0.315 in. diameter, breaking strength 
113,000 1b. per sq. in., E = 31,500,000 1b. per sq. in. 

6. Wind pressure only, for ordinary poles. 

7. 14.3 lb. per sq. ft. 

8. —25 deg. cent. 

9. + 40 deg. cent.; — 25 deg. cent. 

10. Snow (not ice) 0.394 in. thick, weighing 10 1b. per cu. ft. 

11. — 25 аср. cent. 

12. 14.3 1b. per sq. ft. 

13. Yes. 

14. Every $ tol mi. 

15. All wires on one side broken, and wind pressure of 20.4 
lb. per sq. ft. adding directly to conductor pull. 

B-23. This is not infrequently claimed. 

C-24. In Europe, the high-tension neutral 1s usually not 
grounded, but the generator neutral 1s. 

C-38. The transmission line of the Moutiers-Lyons direct- 
current system in France, the operating voltage of which 
has reached about 80,000 volts, includes about 2.5 miles 
of cable (out of 112). 
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Foreign operating companies use the same types of 
lightning arresters for all high tensions, namely, horn 
gaps with series resistance, reactance coils, and liquid 
static dischargers. Condensers are being tried іп several 
places. There is also to be noted an attempt to proportion 
the whole transmission and switching system to minimize 
as far as possible the generation of excess voltages. 

The opinion of several experienced American engineers 
is that an effective arc suppressor and a plain horn gap 
set rather high give protection which is “ hard to beat." 
the benefit of members who have to examine certain 


features of transmission plants in great detail, a list of references, 
mostly to periodical literature, collected by the writer in his in- 
vestigation ( Electrical World, April 25, 1914, p. 925) is appended. 


In this 
70,000 


list are descriptions, etc., of over fifty plants designed for 
volts or above. 


HicH-VoLTAGE POWER TRANSMISSION SYSTEMS 


Pacific Light and Power Co., 150,000 volts. 


Elec. 
Elec. 
Elec. 
Elek. 
Eng. 
Glas. 


Л. 1913, p. 768. 

Rev. & West. Elecn. 3-1913, p. 583. 

Wld., 6-1912, p. 1200, 1342; 11-1913, p. 1108; 1-1914, p. 337, 385. 
Zeit., 10-1913, p. 1242. 

News, 11-1913, p. 843. 

An., 6, 7, 8-1913, p. 224, 5, 24, 51. 


Ал Sable Electric Co., 140,000 volts. 


Elec. 
Elek. 
Eng. 

Glas. 


Wld., 4-1912, p. 795, 843; 06-1912, р. 1195. 
Zeit., 10-1913, p. 1242. 

Mag., 4-1913, p. 53. 

An., 6, 7, 8-1913, p. 224, 5, 24, 51. 


Lundquist, ' Transmission Line Construction," p. 46. 
Southern Sierras Power Co., 140,000 volts. ` 
El. Rev. & West. Elecn., 10-1912, р. 814. 


Elec. 
Elek. 
Glas. 


Wld., 8-1912, p. 298; 8-1913, p. 234. 
Zeit., 10-1913, p. 1242. 
Ап., 6, 7, 8-1913, p. 224, 5, 24, БІ. 


Jl. Elec., Pr., Gas 7-1913, p. 1, 33. 
Utah Power & Light Co., 130,000 volts. 


Elec. 
G. E. 


Wld., 7-1913, p. 106. 
Rev., 1913, p. 359. 


Pacific Gas & Electric Co., 125,000 volts. 


Elec. 


Wld., 11-1913, p. 1055. 


Eng. Rec., 11-1913, p. 573. 
West Penn. Traction & Water Power Co., 125,000 volts. 


* Elec. 
Elec. 


Rev., & West. Elecn. 11-1912, p. 990; 4-1913, p. 720. 
Wld., 6-1912, p. 1280. 


Iron Age, 11-1912, p. 1296. 
Tennessee Power Co., 120,000 volts. 


Elec. 
Elec. 


Rev. & West. Elecn., 2-1913, p. 267. 
Wld., 4-1912, p. 820; 3-1913, p. 644,696; 5-1913, p. 1111; 10-1913, 


p. 868. 
Power, 3-1914, p. 360. 
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Connecticut River Transmission Co., 120,000 volts. 
Elec. Wid., 10-1913, p. 685; 3-1914, p. 565. 

Inawashiro Hydroelectric Power Co., 115,000 volts. 
Elec. Wld., 3-1912, p. 524; 5-1913, p. 1058. 

Engg. London, 10-1913, p. 35. 

Z. V. d. I., 4-1912, p. 569. 

Au Sable Electric Co., 110,000 volts. 

Elec. Wid., 11-1906, p. 841; 11-1907, p. 850; 2-1909, p. 354; 9-1909, р. 
664; 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Eng. Rec., 10-1907, p. 418, 462. 

G. E. Rev., 1909, p. 86. 

Hydroelectric Power Commission of Ontario, 110,000 volts. 
Elec. WId., 1-1912, p. 33, 96, 137; 6-1912, p. 1195. 
Elecn., London, 3-1912, p. 912. 

Elek. Kr. & B., 1909, p. 337; 1910, p. 526, 727. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Trans., A. I. E. E., 24-1905, p. 807. 

Lundquist, “ Transmission Line Construction," p. 45. 

Lauchhammer, А. G., 110,000 volts. 

Elec. Wid., 10-1911, p. 1057; 6-1912, p. 1195. 
Elek. Zeit., 1911, several places; 10-1913, р. 1242. 
Lundquist, “ Transmission Line Construction," p. 96, 97. 
Georgia Railway & Power Co., 110,000 volts. 
Elec. Rev. & West. Elecn., 2-1913, p. 207. 
Elec. Wld., 5-1911, p. 1127; 6-1912, p. 1195; 12-1913, p. 1257, 1309. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
Eng. News, 1-1914, p. 240. 
G. E. Rev., 1912, p. 336; 1913, p. 352; 1914, p. 608. 
Alabama Power Co., 110,000 volts. 
Elec. Wld., 3-1912, p. 610; 1-1913, p. 68; 6-1913, p. 1278; 9-1913,p.527 
G. E. Rev., 1913, p. 386. 
Mississippi River Power Co.. 110,000 volts. 
Elec. Wld., 4-1913, p. 715; 5-1913, p. 1157. 
Elek. Zeit., 10-1913, p. 1231, 1242. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1912, p. 336; 1913, p. 352; 1914, p. 85, 375. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, БІ. 
Lehigh Navigation Electric Co., 110,000 volts. 
Elec. Wid., 4-1913, p. 902; 5-1914, p. 1035, 1093. 

Cedar Rapids Manufacturing & Power Co., 110,000 volts. 
Elec. Wld., 4-1913, p. 902; 7-1913, p. 105; 8 -1913. p. 319. 
Eng. Rec., 10-1913, p. 461. 

G. E. Rev., 1913, p. 336. 

Mexican Northern Power Co., 110,000 volts. 

Elec. Wld., 5-1913, p. 1190; 7-1913, p. 155. 
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G. E. Rev., 1912, p. 336. 
Ebro Irrigation & Power Co., Ltd., 110,000 volts. 
Elec. Wid., 1-1913, p. 212. 
Chile Exploration Co., 110,000 volts. 
Elec. Wld., 5-1913, p. 1191. 
Eng. & Min. Jl., 1-1914, p. 63. 
Sierra & San Francisco Power Co., 104,000 volts. 
Elec. Wld., 6-1912, p. 1193; 9-1908, p. 667; 10-1908, p. 946. 
Elek, Kr. & B., 1910, p. 160. 
Eng. Mag., 4-1913, p. 53. 
Eng. News, 5-1909, p. 516. 
G. E. Rev., 1912, p. 330; 1913, p. 352. 
Glas. Ап., 6, 7, 8-1913, p. 224, 5, 24, 51. 
Lundquist, “ Transmission Line Construction," p. 45. 
Great Falls Power Co., 102,000 volts. 
Bull. A. I. M. E., 8-1913, p. 1907. š 
Elec. Wid., 6-1912, p. 1195. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1911, p. 149, 207; 1912, p. 336; 1913, p. 352. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
TRANS. A. I. E. E., 1911, p. 2002. 
Yadkin River Power Co., 100,000 volts. 
Elec. Wld., 3-1911, p. 748; 4-1911, p. 799; 5-1911, p. 1128; 8-1911, p. 261, 
4-1912, p. 774. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1912, p. 336. 
Colorado Power Co., 100,000 volts. 
Elec. Wld., 1-1910, p. 217, 6-1910, p. 1649; 6-1912, p. 1195, 1205. 
Elek. Zeit., 10-1913, p. 1242. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
Lundquist, “ Transmission Line Construction,” p. 47. 
Taylor, “ Transformer Practise,” p. 270. 
Great Western Power Co., 100,000 volts. 
Elec. Rev. & West. Elecn, 2-1913, p. 267. 
Elec. Wld., 8-1909, p. 471; 9-1909, p. 657, 712; 6-1912, p. 1193, 1195; 
6-1913, p. 1277. 
Elek. Kr. & B., 1910, p. 160. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 3-1910, p. 851, (vol. 38). 
Eng. News, 5-1909, p. 516. 
С. E. Кеу., 1911, p. 6, 1912, p. 336; 1913, p. 352. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
TRANS. A. I. E. E., 1911, p. 1994. 
Taylor, “ Transformer Practise,” p. 270. 
Southern Power Co., 100,000 volts. 
Elec. Jl., 1911, p. 329. 
Elec. Wld., 12-1907, p. 1241; 3-1910, p. 741; 7-1911; p. 17; 6-1912, p. 
1195. 
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Elek. Kr. & B., 1911, p. 175. 

Elek. Zeit., 10-1913, p. 1242. 

G. E. Rev., 1909, p. 551; 1910, p. 24; 1912, p. 336; 1913, p. 352. 
Eng. Mag. 4-1913, p. 53. 

Trans. A. I. E. E., 1908, p. 819; 1911, p. 1998. 

Lundquist, “ Transmission Line Construction,” p. 48. 

Shawinigan Water & Power Co., 100,000 volts. 

Elec. Wid., 5-1912, p. 953, 1015; 6-1912, p. 1192 
Elek. Zeit., 10-1913, p. 1242. 
G. E. Rev., 1913, p. 352. 
Los Angeles Aqueduct, 100,000 volts. 
Elec. Wld., 1-1912, p. 30; 5-1913, p. 955. 
Eng. Rec., 8-1913, р. 476. ` 

Tata Hydroelectric Co., 100,000 volts. 

Elec. Wld., 6-1913, p. 1332; 11-1913, p. 950. 
Engr., London, 4-1911, p. 402. 

Engg., London, 10-1913, p. 547, 578. 

Eng. Rec., 11-1913, p. 

Societa Italiana di Elcttrochimica, 88,000 volts. 
D’ Elettricita, 12-1913, р. 72. 

Elec. Rev., Lond., 11-1910, p. 832; 12-1910, p. 913. 
Elec. Wld., 9-1910, p. 741. 
Elecn., Lond., 4-1910, p. 67. 
La Rev. Elec., 8-1910, p. 119. 
Appalachian Power Co., 88,000 volts. 
Elec. Wld., 11-1912, p. 1141. 
Eng. Мар., 4-1913, p. 53. 
G. E. Rev., 1912, p. 336; 1913, p. 352. 
Taylor, “ Transformer Practise,” p. 270. 

Rio Janciro Tramway Light & Power Co., Ltd., 88,000 volts. 
Elec. Wld., 5-1909, p. 1153; 8-1909, p. 367; 4-1913, p. 897. 
Elecn., Lond., 8-1911, p. 694. 

Elek. Kr. & B., 1910, p. 584; 1911, p. 175. 

Tasmania Hydroclectric & Metal Co., 88,000 volts. 

Australian Mining Standard, 3-1911, p. 290. 

Elec. Wld., 4-1912, p. 820. 

Engg., Lond., 11-1910, p. 709. 

Garcke, “ Manual of Electrical Undertakings," vol. 17, p. 1437. 

Mexican Light & Power Co., 85,000 volts. 

G. E. Кеу., 1912, p. 336. 
Trans. А. S. C. E., vol. 58, 1907, p. 37. 
Taylor, “ Transformer Practise,” p. 270. 
Toronto-Power Co., 85,000 volts. 
Elec. Rev. & West. Elecn., 7-1906, p. 138. 
Eng. Mag., 3-1910, p. 855. 
'Trans. А. S. C. E., vol. 65, 1909, p. 181. 
Lundquist ‘‘ Transmission Line Construction," p. 43. 
'Tavlor, “ Transformer Practise," p. 270. 
Victoria Falls & Transvaal Power Co., 84,000 volts. 
Jl. (British) I. E. E., 6-1913, p. 2. 
vA Si. 
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Trans. So. Afr. I. E. E., 1913, p. 170. 
Klingenberg, “ Baugrosser Elektrizitaetswerke," p. 177. 
Energia Electrica de Cataluna, 80,000 volts. 
Engr., Lond., 10-1912, p. 384. 
Z. V. d. I., 11-1912, p. 1791. 
Swedish State Railways, 80,000 volts single-phase. 
Elek. Kr. & B., 11-1913, p. 658; 3-1914, p. 161. 
Katsuragawa Denryoku Kabushiki Kaisha, 77,000 volts. 
С. E. Кеу:, 1912, p. 330. 
Southern California Edison Co., 75,000 volts. 
Elec. Wld., 8-1907, p. 277, 317, 359, 401; 10-1909, p. 1039; 6-1912, 
p. 1190, 1195. 
Au Sable Electric Co., 72,000 volts. 
Elec. Wid., 11-1906, p. 841, 9-1907, p. 528. 
Elek. Zeit., 1909, p. 478. | 
Societa Generale Elettrica dell’ Adamello, 72,000 volts. 
Elecn., Lond., 7-1912, p. 608, 649. 
Engr., Lond., 9-1912, p. 293, 319, 349, 373, 401. 
Eng. News., 12-1911, p. 764. 
Montana Company, 70,000 volts. 
Bull. A. I. E. M. E., 8-1913, p. 1907. 
Elec. Wld., 7-1901, p. 53; 5-1908, p. 1088; 8-1910, p. 432. 
Elek. Kr. & B., 1911, p. 175. 
Eng. News, 10-1910, p. 430. 
Ттапв. А. S. C. E., vol. 50, 1903, p. 212. 
Taylor, “ Transformer Practise,” p. 270. 
Hidroelectrica Espanola Molinar, 70,000 volts. 
Elek. Zeit., 1911, p. 535, 561, 586, 766. 
Pennsylvania Water & Power Co., 70,000 volts 
Elec. Wld., 10-1910, p. 929; 5-1911, p. 1125; 8-1912, p. 395; 11-1913, 
p. 924; 2-1914, p. 314. 
Eng. Mag., 3-1910, p. 855; 4-1913, p. 53. 
G. E. Rev., 1912, p. 36, 336, 658; 1913, p. 352. 389, 390. 
Swedish State Railways, 70,000 volts. 
Die Turbine, 3-1911, p. 202. 
Elek. Kr. & B., 1912, p. 126, 763. 
Engr., Lond., 5-1912, p. 587. 
Ming. & Eng. Wld., 5-1912, p. 1085. 
City of Winnipeg, 66,000 to 72,000 volts. 
Elec. Rev. & West. Elecn., 12-1911, p. 1119. 
Elecn., Lond., 3-1912, p. 831, 870. 
Engg., Lond., 7-1912, p. 107, 143. 


300 INSULATOR TESTING JJune 25 


DISCUSSION ON “ SPECIFICATION FOR INSULATOR TESTING— 
COVERING INSPECTION AND TESTS OF HicH-TENSION 
LINE INSULATORS OF PORCELAIN, FOR OVER 25,000 VoLts " 
(ENGINEERING Data SUB-COMMITTEE), DETROIT, MICH., 
JUNE 25, 1914. (SEE PROCEEDINGS FOR OCTOBER, 1914.) 

(Subject to final revision for the Transactions.) 

Percy H. Thomas: Last year, the High-Tension Transmission 
Committee presented a “ sample ” or “ model " or “ skeleton " 
specification, as it might be called, for the testing and inspection 
of high-tension porcelain insulators. This has been quite ex- 
tensively remodeled during the present year, without greatly 
changing the fundamental ideas of the specifications. Pre- 
sumably this discussion will be the last chance for any effective 
criticism. І wish to open the subject by giving a few words 
of explanation in answer to a number of the suggestions which 
have been made. i 

I will call attention first to the fact that the high-tension 
insulator industry has developed under existing conditions, until 
at the present time it has reached large proportions. These 
insulators are all tested and used according to certain customary 
methods which are now well understood and gencrally accepted. 
It is not practicable for the Institute to step in and pass а resolu- 
tion saying that hereafter the industry shall change about and 
follow some specification which it would present, radically differ- 
ent from the former practise. If our specification is to be used 
at all, it must be close enough to present methods, so that it can 
be followed without upsetting the general practise of the indus- 
try. This is our first limitation. 

The second limitation 1s the fact that the manufacturers of 
insulators have their own electrical testing apparatus and 
mechanical testing apparatus, and it 1s only a very small per- 
centage of the insulators actually manufactured and used that 
are tested on any other apparatus. We now have in addition 
two or three laboratories, outside of the electrical manufacturing 
companies, where tests can be made, but they are not accessible 
to a very large number of the users of insulators, and our speci- 
fication must be so drawn that it will fit into the particular in- 
stallations of testing apparatus at the manufacturers' plants. 

Another thing which limits the extent of change that may be 
embodied in the proposed specification 1s the fact that the tests 
which the purchaser usually makes on his insulators are an in- 
tegral part of the manufacturing process of the manufacturing 
companies. The manufacturing companies rely on this inspec- 
tion and test, to a large extent, to check up and eliminate and 
weed out the bad material from their product. We should draw 
our specification in such a way that this will continue to be the 
fact. 

I will repeat, what perhaps you have forgotten, that the back-. 
bone of this specification was originally drawn by the engineers 
of one of the insulator companies. Mr. Peek also gave us a 
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model specification. Most of the meat of Mr. Peek’s specifi- 
cation was put over into the manufacturer’s specification. 

Perhaps the greatest value of this testing specification is the 
stating in definite form for the average engineer those particular 
facts, those broad methods, those general characteristics, which 
the most experienced engineers have found to be the most help- 
ful in selecting and testing insulators. There is a good deal of 
educational matter in the specification that has been seriously 
objected to by a number of those who have favored us with cr.ti- 
cisms, and I can understand their point of view—it goes against 
their sense of proper form for a specification on which materials 
are to be bought to include explanatorv sentences and general 
statements, but, looking at the matter from a broad point of 
view and considering the practical results to be obtained, it 
seems to mc these educational interpolations are a үсту important 
part of the whole. 

There is great objection on the part of some to the use of 
the words “ design test” to describe those tests which are 
made on a few insulators to determine the characteristics 
of the type, as distinguished from the routine tests made on every 
insulator. From a certain point of view the design should, as 
the critics claim, be determined before the test specification 1s 
adopted. However, the actual tests given in the specification 
as design tests should be made as called for in most cases, so 
that it reduces to a question of terms, and the term used is 
frequently used and I know of none better. 

One of the suggestions that comes most frequently is that 
we specify the minimum size of transformer capacity that 1s 
safe for testing insulators. Тһе necessity of using large-capacity 
transformers occurs only when comparative tests are to be made 
on different transformers or where for some other reason sine 
wave form is important. Ordinarily for routine tests it is desir- 
able to limit the capacity of the testing transformer to prevent 
arcs on the insulators. The manufacturers of insulators have 
transformers of limited capacity installed, some of them of 
peculiar design from the point of view of power transformer 
design, and most of them usc some means of limiting the capacity, 
either series resistance or scries choke coils, or weakening the 
field of the generator. 

Some one asked for a specification as to the quality of oilin which 
to make the oil puncture test, but I hardlv think that is necessary. 
There is no trouble to get the insulator to puncture under oil, 
rather than flash over, and I cannot imagine that the quality 
of the oil would make much difference in the puncture quality 
of the porcelain. 

I would call attention to the so-called combined electrical and 
mechanical test in the appendix. This test calls for the applica- 
tion of mechanical strain while the electrical potential ison. You 
will remember last vear at Cooperstown Mr. Nicholson gave 
us some data showing that certain insulators punctured with 
less than half their normal puncture value when mechanical strains 
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of less than half the ultimate strength were impressed upon them. 
The year past has shown an investigation of this matter and a 
very great improvement. The test is easily applied. One 
manufacturer has a wooden arm testing frame, and puts voltage 
on a single insulator, allowing it to flash over, or he applies 
the voltage just below the flash-over, as may be desired, and 
gradually brings up the mechanical pressure until the insulator 
punctures. 

E. E. F. Creighton: During the last three years we have 
given considerable attention to this matter of testing insulators, 
and I wish to take it up from a different point of view from that 
of the committee. I think the specifications are very desir- 
able in the form in which they are now presented—they are 
made, however, from the point of view of 
the man buying insulators, and I shall take 
the point of view of the man using insulators. 

Mr. Thomas has pointed out the difficulty РЕ 
that а uscr has in getting testing apparatus 
with which to test the insulators, the cost of 
it, and the details involved in carrying out 
the work. It was about one and one-half 
years ago, when a paper was presented on this 
subject in New York, that I had a very brief b 
opportunity to show the oscillation trans- с У contro a 
former as a method of testing insulators, but 
the method has not been followed up in the 
proceedings of the committee—perhaps they 
lack definite information on the subject. I 
wish to give some instances of the use of this 
method, and point out some of its advantages. 
We started out with a problem such as many 
have at the present time—namely, the fre- — A— 
quent loss of installed insulators. Forty of Fic. 1 
these insulators were removed from a line 
and taken to the laboratory, and there was applied to them a 
60-cycle test, and four insulators punctured under this test at 
the flash-over potential. Тһе 36 insulators left were then 
tested out with a high-frequency transformer and all failed. 
The diagram, Fig. 1, shows the well-known connections of an 
oscillating transformer set. Тһе first circuit, at 110 volts, say, 
is stepped up to any convenient voltage, which I shall designate 
as 13 kv., which charges a condenser. Тһе condenser sparks 
through an adjustable gap and coreless transformer. The 
coreless transformer gives a high potential at a high oscillating 
frequency. The insulator to be tested is connected across the 
high-voltage side of this transformer. The potential applied 
to the insulator is gradually increased by starting with the con- 
trol gap very small and gradually screwing it open. Ву opening 
this gap carefully, апу potential desired тау be applied to the 
insulator at a frequency of several hundred thousand cycles 
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per second, a convenient value being in the neighborhood of 
200,000 cycles. The natural make-up of these transformers will 
give from 100,000 to 300,000 cycles. There is little need at 
present to question the proper value of this frequency, whether 
100,000 or 200,000 cycles is to be used, because there has been 
such a tremendous step in going from 60 cycles to 200,000 cycles 
that an increase to 300,000 cycles is comparatively negligible 
in its effects. The higher the frequency the more the corona 
sparks follow the surface of the porcelain. 

With apparatus of this kind we have made a great many 
tests in the porcelain factory itself, also the tests of insulators 
taken from lines:and of insulators fresh from the manufacturers. 
In the early work it was feared that the test was too severe, 
and it was, since we did not take precautions at that time to 
bring up the voltage graduallv bv opening the control gap. 
It soon became evident that the voltage must be held under 
control and the adjustable control gap was therefore made an 
intrinsic part of the apparatus. Ап illustration of the value of 
the method 15 given by a series of. tests which were applied to 
wet process porcelain bushings. Lots of one hundred bushings, 
as they came from the kilns, were tested on 60 cvcles, bringing 
the potential up until it sparked over, then holding the potential 
a little below that value for one minute, and out of the one hun- 
dred there would be, as there always are, à few defective ones. 
They were then tested out on the high-frequency circuit. Going 
through different types of insulators, and insulators from differ- 
ent firings, there was a percentage of from zero to 17 per cent 
additional loss. 

Another group of insulators was then taken, one hundred in 
a group, and tested on the high-frequency circuit first, and the 
defective insulators were removed as fast as they showed up. 
The insulators that were left after this high-frequency test were 
passed through a 60-cycle test; and although many hundreds 
of insulators were treated in that way, there was never a single 
case where an insulator which passed the high-frequency test 
was in any way damaged on the 60-cycle test. "That, in itself, 
is proof sufficient that the high-frequency test is better than the 
60-cycle test. 

The next question arises—is it a fair test? At the present 
moment I am not going to discuss that, but simply say that the 
test can be made as reasonable or as severe as desired by the 
simple adjustment of the control gap. By opening the control 
gap to its widest value, super-spark potential may, of course, 
be thrown on the insulator and damage may result. For ex- 
ample, if the sparking potential of the insulator is 80,000 volts, 
it is easy enough to arrange the gap so as to throw on the insulator 
at the first instant a voltage of 175,000 volts. That value of 
voltage exists on the insulator during only the brief time neces- 
sary for the arc to creep around the surface from cap to pin. 
Such a severe test is not to be recommended as a standard test. 
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Testing just at and below the spark potential is both desirable 
and fair to porcelain of good design and material. This seems 
sufficient comment on the severity of test. 

Every line at the present time has insulators on it that are 
old—perhaps only a dozen years old, but that is very old in the 
art of making insulators. At that time insulators were made 
very much like dinner plates, and very little attention was 
paid to the subsequent testing. I find that old insulators taken 
from a number of different svstems are very liable to be in a 
condition that is somctimes designated as porous, due to under- 
firing. These insulators are necessarily weak electrically. The 
problem, then, of the operating enginecrs is not only how to 
buy good new insulators, but what to do with the old ones. It 
is usually impracticable to take down from the pole line all of 
the insulators and stand the loss which comes from mechanical 
accidents in handling and shipment to a laboratory to have 
tests made. Therefore, it is necessary for the engineers of a 
transmission company to be able to make tests, and not only 
make them themselves, but if desirable to make them on the 
insulators in place on the line. The oscillator form of testing, 
then, gives the possibility of having universally available a light, 
cheap and effective means of testing insulators, either new from 
the factory, or old, in service. 

The question of kilowatt capacity for testing has been brought 
up by Mr. Thomas. In the oscillator sets the kilowatt capacity 
of the 60-cvcle transformers is extremely small—1, 2 or 3 kilo- 
watts—even a potential transformer has been used, although 
it cannot be used continuously, due to the overload. A verv 
small kilowatt capacity in the 60-cycle circuit will sound un- 
reasonable to those who contend that it is absolutely necessary 
to have a large gencrator and а large transformer їп order to 
get reasonable results in testing, but that is not true in this case, 
for the actual power of this outfit, even with a small trans- 
former, is considerably greater than anv of the 60-cvcle testing 
outfits that are in common use at the present time, without ex- 
ception. The difference comes in this, that the energy is taken 
by the condenser at comparatively low power during a quarter- 
cycle of the generator wave. Although this period of time is 
of the order of 0.0L second, it 1s an extremely long time as com- 
pared to the time of discharge of the condenser. When the po- 
tential has risen to the maximum point of the 60-cvcle wave, 5t 
breaks over the control рар. The full charge of the condenser 
will be given out at a rate which will depend upon the capacitance 
and the inductance of the oscillating circuit. As a matter of 
fact, the condenser is capable of giving out several thousand 
kilovolt-amperes for ап instant, so there is no question 
about a sufficient kilowatt capacity. 

In conclusion I wish to sav one word in regard to one of the 
suggestions presented in the specifications, about uniformity 
the valuable recommendation is that if a certain percentage of 
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the insulators fail the entire lot should be rejected. This ruling 
can be more efficiently applied if the insulators can be divided 
into lots corresponding to definite zones in a kiln and to definite 
firings. 

Percy H. Thomas: How do you determine the voltage and 
the frequency on the high side of the oscillation transformer? 

E. E. F. Creighton: The frequency is measured either directly 
by cymometer or calculated, and the calculations agrce so ac- 
curately with the measurements that the easiest method is by 
calculation. Тһе cvmometer is an instrument as easy to handle 
as a wattmeter. Once the method of use is learned it is easy to 
handle. In the matter of potential there is some question; 
there is no way today of accurately measuring high-frequency 
potential. The potential as given by the proposed standard 
sphere gap is assumed to be correct. The limitation designated 
by Mr. Peek is to make the length of gap not greater than three 
times the radius. That is the only basis we have for the direct 
measurement of high-frequency voltage. Practically it is simply 
a matter of what equivalent gap will spoil an insulator. The 
spark potentials at arc-over voltage for 60 СУЗ апа 200,000 
cycles agree closcly, in general. 

Percy H. Thomas: There is no question that this method 
Professor Creighton has been telling us about, and which he 
fully described and demonstrated at the December, 1912, meeting 
in New York, is a powerful instrument of research, but I doubt if 
he would consider that it is quite definitely enough established 
to embody in the specification. 

E. E. F. Creighton: This is as definite a test as some which 
have been put in the specification. I refer to the impulse test. 
The impulse test has been made a part of the appendix, and this 
test which I have shown is farjbettersunderstood and can be 
made less dangerous than the impulse test. 

Percy Н. Thomas: That lcads to а point I want te bring 
out, as to the relative characteristics of the test Professor Creigh- 
ton has described and the impact test called for in the specifica- 
tion. The difference is this—the impact test of the specification 
is a shock test, a feeble shock, applicd to the insulator, almost 
exactly paralleling the condition of service brought about by 
lightning and switching. It shows, if properly carried out, no 
element of heating. This test referred to by Professor Creighton, 
is, if I am not mistaken, entirely dominated by the heating effect 
produced by the high-frequency current; what I mean to say is 
this—when we have a high potential impressed on any insulator, 
the material of the porcelain is subject to an extreme pressure. 
Every time that test is reversed, a new element of heat is added. 
With the 300,000 cycles, you have 300 times the amount of heat 
generated, due to the expansion of material, that you do in the 
single shock. The net result is not onlv the heating of the in- 
sulator, but the heating of the air in the particular place where 
the interruption of potential is greatest. I do not think you 
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realize how quickly the dielectric strength of porcelain goes 
down as the temperature goes up. I cannot give definite 
figures. Two or three times the boiling point of water 15 enough 
to make a great difference іп the insulation resistance of porce- 
lain. It 15 the extent and degree of the heating of the dielectric 
material at that high frequency which is, it seems to me, the thing 
we must know more about before we can usc this test. Іп 
actual service we do not get that condition—we get two or three 
impacts, but never sustained high frequency. It is putting a 
great premium on efficiency in a thing which, while it тау ‘Бе 
indirectly related to the serviceability of the insulator, is not 
necessarily related to it. 

E. E. F. Creighton: I feel that this criticism is unjust, be- 
cause it cannot be shown where the heating comes in. We 
can take an insulator of this kind and place it under the oscilla- 
tion test for a whole minute, and all the time the spark discharges 
are streaming over the porcelain surface. It looks hot while 
the sparks are plaving, but no appreciable rise in temperature 
is noticed after such a test bv placing the hand on the surface. 
There is no doubt that a continuous strain applied at one point 
wil heat the insulator. If one of these insulators is subjected 
to the continued voltage of an Alexanderson generator it is pos- 
sible to make it red hot, but the application of the oscillator is 
different. There is a relatively long interval of rest between suc- 
cessive applications of high-frequency trains. The high poten- 
tial is applied for а very small fraction of the total time. Judging 
from the many hundreds of tests we have made, I feel that the 
heating of the insulator, except in air spots where it 1s weak and 
where it ought to be heated, is entirely a negligible quantity. 

Edward Bennett: I want to endorse most heartily what 
Mr. Creighton has said about the desirability of using impulse 
test circuits having such constants that fairly definite ideas can 
be formed of the rate at which the voltage across the insulator 
rises, and of the frequency of the applied stress across the insula- 
tor, provided the insulator under test does not flash over during 
the first half-cvcle of the high-frequency oscillation. 

The objection to the tvpe of impulse circuit shown in Fig. 1 
of the specification is that from the dimensions of such a circuit 
one can not determine very accurately the rate at which the 
potential rises across the insulator. This uncertainty arises trom 
the fact that in the circuit shown in Fig. 1 in the specification, 
even when used with fixed inductance, capacity and setting of 
the gap A, the rate at which the voltage rises across the insulator 
will depend upon the variable capacity of the different types of 
insulators under test. Suppose, however, that the type of cir- 
cuit which Mr. Creighton has suggested 15 slightly modified by 
connecting across the secondary of the oscillation transformer, 
and in parallel with the insulator under test, a condenser having 
a capacity five or six times that of the insulator, as shown in 
Fig. 2 herewith. From the setting of the gap and the dimensions 
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of such a circuit, onc mav compute with a satisfactory degree 
of accuracy the manner in which the potential will rise across 
the insulator up to the instant at which breakdown or flash-over 
occurs. 

A slight modification of the simple series circuit of Fig. L 
of the specification would climinate the uncertainty due to the 
variable and unknown capacity of the different types of in- 
sulators under test, and would seem to render this circuit more 
satisfactory than the oscillation transformer connections advo- 
cated by Mr. Creighton. The modification of Fig. 1 of the 
specification is shown in Fig. 2. It consists in connecting the 
insulator under test in parallel with another plate condenser 
having a capacity about five times that of the insulator. The 
capacity of the 12 in. by 12 in. triple-petticoat insulators used on 
40-kv. lines is about 2 X 10-11 farads from line wire to pin, and 
the capacity of a 10-in. single-piece suspension unit is about 
3 X 10-!! farads from metal to metal. That 15, the combined 
capacity of the condenser В and the insulator ought to be about 
10-1 farads or approximately the same as the condenser C. 
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If the coil L and the leads consist of about 30 ft. (900 cm.) of 
heavv copper, the inductance of the oscillatory circuit may 
be estimated at 0.01 millthenry. Such a circuit up to the instant 
of failure of the insulator will have a frequency of oscillation of 
approximately 7,000,000 cvcles per second and the relation 
between the condenser voltages and time up to the instant of 
insulator breakdown will be as illustrated in Fig. 3. It is to be 
noted that the insulator, if it docs not flash over during the 
first half-cycle, will be subject to a unidirectional pulsating voltage 
and not to an alternating voltage. 

Е. М. Hewlett: I would like to hear some discussion on the 
subject of the absorption test. Could not something in the 
nature of a year’s guarantee be required? I have found insula- 
tors to fail from imperfect vitrification, which had passed all 
the different kinds of tests. Some of them fail 1n the course of 
a year, or six months, even, showing thev have not been thor- 
oughly vitrified, and still, to begin with, they will stand all the 
different tests. Until there is a test which will show definitely 
whether an insulator has been throughly vitrified, it would seem 
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as though the insulator should come under the same kind of 
guarantee as a piece of machinery, as thev are very often used 
in connection with the switching devices, to support busbars, 
etc., and should be considered as machines in that case. 

Farley Osgood: Іп our somewhat extended system of mul- 
tiple operation of transmission lines, fed by large-capacity gen- 
crating stations operating in parallel, we learned from our 
charted data on service interruptions that the chief initial cause 
was the insulaior. АП testing at normal pressure (13,000 volts) 
brought us no real knowledge of our difficulty, so testing appara- 
tus for more than three times normal voltage (40,000 volts) 
with 1000-kw. capacity was installed. Tests with this taught 
us no more than we could learn with line voltage testing, so we 
had made a testing outfit which, by means of a Tesla coil and 
condensers, gave us a frequency approximating 250,000 cycles. 

We brought in from our lines samples of all types of insulators | 
in service, fifteen types in all, several of which were designed for 
operating at three times the voltage on which they were being 
used, and all but two types failed under our test, meaning that 
the insulator would puncture before it would arc over, and the 
two types which showed reasonable results were not the insula- 
tors designed for higher voltage than the service іп which they 
were placed. 

Our high-voltage, large-capacity transformer would not de- 
velop this information, and only with the high-frequency testing 
outfit could we get the results which taught us that our insulators 
were wrong in design, in spite of the fact that they were the types 
specified by the manufacturers for the service, and met ali the 
manufacturer's test guarantees. 

The result of our work has been a new standard insulator for 
our 13,000-volt service which 1s about the same size as our orig- 
inal insulator but has thicker petticoats and which will spill 
over before it will puncture. 

An analvsis of our difficulties showed that unquestionably 
our troubles were causcd by the effect of switching, which takes 
place frequently in a large system with big stations in parallel, 
and which effects were from high frequencies, and therefore we 
feel that the high-frequency test 1s the most uscful one of all. 
It is the test which tells the operating man what he wants to 
know, and should be made in addition to any other tests that a 
manufacturer thinks necessary to establish the mechanical 
perfection of his product, as the high-frequency test is really one 
on the design of the insulator, rather than its structure. 

We now give every insulator a high-frequency test before it 
is placed in service, and a recent test of 13,127 pin type insulators 
showed a failure of 1.75 per cent, and of 2260 disk type 3.94 per 
cent of failure. While at first this may seem high, it is not reallv 
so, as the actual value of the insulators destroyed is small, and 
well worth while for the insurance of continuity of service. 

The test is not expensive, is safe, and a crew of four men from 
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the line department, with one laboratory man te handle the test 
set and keep the records, can unpack, test, and repack 1200 
insulators in an eight-hour day. 

The high-frequency test, using the Tesla coils, we believe 
presents the following advantages: 

1. An even distribution of corona over the entire surface of 
the insulator, searching out imperfections. 

2. Failures under test are absolutely definite, being readily 
recognized by 

(a) cessation of corona, 
(b) abrupt change of tone of spark due to shortened path, 
(c) steady discharge through point of failure. 

3. The test does not require skilled labor, but can be con- 
ducted by anvonc, after a little training, if his sight and hearing 
are normal. 

We believe we have at last an equipment which can be made 
portable for use in the field in testing individual insulators in 
service without removing them from the line, the transmission 
voltage, of course, being removed, and we advise operating 
engineers to learn of the benefits to the service to be derived 
from such testing, by themselves, in addition to any test, or any 
guarantee, of any manufacturer, no matter what the type ог 
line voltage of the insulator. 

S.C. Lindsay: I want to take exception to what Mr. Thomas 
said about the impulse test being usually sufficient for insulators 
tested with high frequency. That test 1s not sufficient on delta- 
connected lines having no ground. Two disturbances occurred 
within the past year on the system with which I am connected, 
where arcing grounds lasted for two or three minutes, and a 
number of insulators was punctured each time. I should think 
it would be well to retain the high-frequency test so that insula- 
tors will meet these conditions. 

Percy H. Thomas: They might get some sustained effect 
from the arcing ground—I do not know just how that would 
work out. 

John B. Fisken: It occurred to me that I might give some 
information bearing on the subject of the rain test. I had oc- 
casion once to demonstrate that there was no danger to a 
person holding the nozzle of a fire hose, the stream from which 
was striking a line operating at 60,000 volts. While I was 
demonstrating that, I went a little further and tried to break 
down some of the insulators by spraying the stream on them. 
I hit every part of the insulators I could reach with that stream, 
and there was not the slightest sign of any breakdown. That 
satisfied me that a rain test was entirely unnecessary. 

F. W. Peek, Jr.: Considerable has been said about “ high 
frequency " testing and the effects of “ high frequency " on 
insulators and insulation. Under this term are included without 
discrimination, continuous high frequency as from a generator, 
trains of oscillations from a Tesla coil, single impulses of exceed- 
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ingly steep wave front as from lightning, etc. The effects of 
these are entirely different. As the results of tests are all at- 
tributed to the same cause, “ high frequency," there is naturally 
much confusion. 

As an illustration, take an ordinary single suspension insulator 
unit with an arc-over voltage of 90 kv. and a puncture voltage 
of 120 kv. (under oil) at 60 cycles. If a continuous high fre- 
quency at 10 kv. and 100,000 cycles is applied from an alternator, 
the insulator will soon become hot because of dielectric loss, 
and crack. The destruction of this insulator is due purely to 
heating. If trains of high-frequency oscillations at the rate of 
about 100 trains per second are applied, arcs will play over the 
surface of the insulator if the voltage is sufficiently high. To 
cause the unit just to arc over, a vollage somewhcre between 
90 and 130 kv. (higher than 60-cvcle arc-over) will be required. 
A sufficiently long application will cause the insulator to break 
down. Ап oscillatory voltage of sav 200 kv. may be applied. 
The discharge over the surface will be heavier. Breakdown 
wil occur in a very short time, due to over-voltaye. This 
voltage is higher than the 60-cvcle puncture voltage. Although 
this unit arcs over, it takes a finite but very small time for the 
air to break down and the arc to occur as cach wave train starts. 
The time is too small for the porcelain to break down on one wave 
train. It is injured, however, and the effect is accumulative. 
A sufficient number of trains causes breakdown. If an impulse 
of very steep wave front, of sav 500 kv., is applied, arc-over 
occurs along the surface. Perhaps ten such impulses may be 
applied without apparent damage. At the eleventh impulse 
breakdown occurs. Each impulse has caused damage during 
this very short time that it takes the arc to occur. A needle 
рар set at 150 kv. across the insulation to “limit ” the voltage 
will not prevent ultimate breakdown. The various and ap- 
parently inconsistent effects due to '' high frequency ” are thus 
not altogether mysterious. 

Such tests are extremely valuable as design tests, uniformity 
tests, etc., but great caution is necessary and a thorough under- 
standing of what sort of “ high frequency " it is, when these 
tests are applied to insulators that are later to be used on lines, 
as the first lightning stroke may he in effect the ninth or even 
the eleventh impulse noted above. 

Many failures undoubtedly do occur, due to “high frequency," 
but there is at present too much of a tendency to use this ex- 
planation when the real cause 1s quite simple, perhaps only a 
mechanical one. А great manv insulator failures, perhaps most 
of them, are fundamentally caused by mechanical cracking 
graduallv taking place, due to poor mechanical design, internal 
strains, etc., or absorbed moisture. Naturally, failure occurs on 
these weakened units during a voltage rise, as by lightning im- 
pulse. Of course there are also some failures due to the ac- 
cumulated cffects of over-voltage impulses on good units. 
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I believe that most moderate-voltage lines, 20 (о 60 kv., аге 
under-insulated. These lines extend out into open country and 
are subjected to the same lightning voltages as the very high 
voltage lines. The insulators have the same factor of safety as 
the high-voltage lines, but in terms of operating voltage. This 
naturally is without meaning, as, assuming good insulators at 
the start, destruction is not caused by line voltage but bv light- 
ning. I have illustrated this further with a definite example in 
a discussion at the Pittsfield mecting, May 29, 1914. 

Farley Osgood: We believe that an insulator should spill 
over before it punctures, giving the line the accompanying 
relief from the strains of switching changes which are constantly 
taking place; and an insulator of this type will act as an arrester 
on the line, as it were. The operating man wants his system 
to come back intact after severe strains, and much prefers the 
chance of a momentary interruption of service to the almost 
certain discomfort of the shake-up resulting from complete 
insulator failures. 

Therefore, in this belief we feel that the high-frequency test 
is the only one which will assure the operating man that the 
insulator will perform as desired in this relation of spill-over to 
puncture. 

We have proved that much can be learned from this test, that 
field work with such a testing outfit will anticipate many failures, 
and we have proved that it is cheap, and that it is safe. 

In spite of all the theories to the contrary, such as we have 
just heard, I feel that the operating man has at last come into 
his own, in the matter of finding out some things about his in- 
sulators for himself, and doing it right at home, and I hope that 
the practicability of the results of these simple and easily made 
tests will be appreciated. 

William B. Jackson: I want to ask a question relating to 
this matter, and that is where the matter now stands, according 
to the researches and studies of the committee, in developing 
some suitable method of obtaining the capacity of the insulator, 
in the matter of mechanical shock, which has always seemed 
to be a rather important factor, although it has not been given 
very much consideration in tests. 

Another question, which I presume has been studied by the 
committee, is whether there is апу wav by which the atmos- 
pheric effects may be accelerated in the passage of time upon the 
insulators. Guarantecing an insulator for a year would be 
very small satisfaction, since insulators will run perfectly for 
two, three or as much as five vears, and then break down. 

Percy H. Thomas: The power of an insulator to hold a sus- 
tained load is now covered by a test in the specification, but 
- I do not know any one who has proposed a test such as you 
indicate, and I do not know of any test that could be quantita- 
tively expressed, so that an insulator would pass at 105 per cent 
and would not at 95 per cent. I do not know of any way by 
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which we could approximate the effect of the weather. 
wish we knew more of the effect of alkali dust, salt spray 
and condensation in connection with the rapid changes of tem- 
perature. These things are important, but we do not know the 
manner in which to produce such conditions beforehand. 

William B. Jackson: They would be fruitful fields of study. 
In the case of cement, for instance, we have an impact test ; in the 
case of concrete and cement, we have an acceleration test which 
is very valuable in the case of a building under construction. 
It seems that a study of that particular phase of insulators may 
bring good results. 

Percy H. Thomas: Тһе cífect of clectrical 1mpact сап be 
tested, but, mechanically, it is difficult to tell how the 1nsulator 
wil be affected. 


——— 
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DISCUSSION ON “REPORT BY THE JOINT COMMITTEE ON IN- 
DUCTIVE INTERFERENCE ”, SPOKANE, WASH., SEPTEMBER 11, 
1914. (SEE PROCEEDINGS FOR SEPTEMBER, 1914.) 

(Subject to final revision for the Transactions.) 

P. N. Nunn: The paper just presented is one of signal interest 
and significance. It is of unusual moment in this, that it reports 
both an elaborate scientific study of great technical value and 
also a legal adjudication of conflicting interests between two 
public utilities of vast economic importance. 

Briefly stated, the paper reproduces a certain report to the 
Railway Commission of the State of California, by a committee 
authorized by it to investigate the subject of electrical interfer- 
ence by other electrical circuits with “ communication " service, 
including telephone, tclegraph and railway signal. The investi- 
gation, occupying several years, assumed the character of a re- 
search into the intricate phenomena of distant electromagnetic 
induction, its remote origin in the characteristics and manipula- 
tion of power apparatus and its acoustic effects upon telephone 
service. To present the details of the various tests, methods 
and apparatus employed has involved the production of fifty 
special reports now summarized in this general report which 
draws a series of conclusions and submits and discusses a pro- 
posed code of rules for the prevention of the interference in 
question. 

As a scientific research this investigation is invaluable and 
marks a distinct advance in applied electrical science. In view 
of the economic importance of telephone and similar service, 
and of the probable increase іп the future іп the capacities and 
voltages of power circuits, there appears a very real and difficult 
problem to be met in the evolution of the respective arts. To 
the solution of this problem such research should undoubtedly 
point the way. Іп this sense this report deserves marked ap- 
preciation.. But at this time attention is called not so much to 
its scientific value as to the economic and legal effects of its 
code of rules. 

Although recognizing a conflict of interests between the ге- 
spective groups of electrical industries, the investigation was 
conducted and the rules drawn ostensibly to meet the problem 
only as a scientific question of demonstrable cause and effect. 
Unanimously indorsed by a committee purporting jointly to 
represent the telephone, the railway, and the electric power 
interests of the state, the rules purport to be, in effect, an agree- 
ment among all parties in interest, and as such, approved and 
adopted by the Commission, have become the law of California. 
By this process the Commission is led to adjudicate the differ- 
ences and legislate changes in practise from scientific considera- 
tions alone without regard to the broader aspects of the issues 
involved. 

“Тһе problem is much broader than that. It involves another 
scientific aspect as well as questions of inherent rights, of equity, 
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of evolution of the respective industries, and of the policy of 
the public toward its utilities. Moreover the rules are not mere 
logical conclusions, and their full effect is not apparent from their 
text. Read casually, they imply a spirit of friendly coopera- 
tion toward some mutual purpose. Іп results, however, benefits 
accrue only to one interest, while burdens, even extreme hard- 
ships, are laid upon the other. Their full import appears 
only from careful consideration of each rule in the light of the 
whole seen from a mature point-of-view. 

The partisan point-of-view from which these rules have been 
formulated is shown by their context. ‘‘ Since these rules are 
designed for the protection of communication circuits," (Dis- 
cussion of Rules, Art. IV.) acknowledges that they are designed 
to restrain the power circuits. While the specific parties in 
conflict are somewhat obscured by including the railway in- 
terests as a third party and by use of the term “ communication ”’ 
instead of “ telephone," yet Rule V. in effect waives all conflict 
between railwav and telephone interests, thus associating them 
and leaving the power interests alone under restraint. Апа while 
the caption “ Historical," (first paragraph) in presenting the 
ofigin of this action styles it “ the outgrowth of certain differ- 
ences * * * * brought to the attention of the Railway Com- 
mission " instead of plainlv “а complaint by the telephone 
lodged against the power interests," it likewise states (fifth para- 
graph) that this investigation, attributed to the Joint Committee, 
was in fact alreadv a department of the Pacific Telephone & 
Telegraph Co. and of well-defined form and character before 
taken over by the Joint Committee, and also that it was con- 
tinued (fourth paragraph) bv a staff of telephone employees. 
It thus appears that this measure, instead of being a mutual 
matter or serving a mutual purpose, is in fact a telephone 
project from its inception to the conclusions which are formu- 
lated into the rules presented. 

The specific rules, seventeen in number as grouped under 
caption II, may be classified as follows: 


Mutual obligations respecting the spacing of power from telephone 
circuits; the uniformity of parallels, and the use of adequate systems of 
transpositions. 

Specifications of power equipment, covering wave-form of generators, 
charging current of transformers, type and equipment of line switches, 
style and location of transpositions, and also requiring ammeters in 
ground neutrals and the use of ground detectors. 

Dictation of methods in power distribution, covering balancing of 
loads, balancing of circuits, and methods of connecting and loading 
transformers. 

Restrictions in operating procedure of power industries, covering 
line tests and the manipulation of automatics, operation with open- 
circuits and grounds, measurements of ground currents and the charging 
of electrolytic arresters. 

Stipulations respecting obscure power-circuit effects, requiring the 
limitation of residuals and the elimination of harmonics. 
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In discussing the individual rules, the following general con- 
siderations should be recognized. 

The scope of the restrictions placed upon power interests 
is without tangible limit. Rule I prohibits ‘“ parallelism "', 
which is defined as lines 1n such proximity “ that the power circuit 
is liable to create inductive interference * * * *” Note 
the term “liable to." It 1s not “ has " or “ does " but “ liable 
to." The question is one of degree, but no degree being even 
implied, the rule stands absolute. Since inductive effects are 
obscure and difficult of determination, the telephone interest 
may readily find occasion for claiming with some plausibility 
that almost any power circuit of the State is in parallelism 
to some slight degree. Where impracticable entirely to avoid 
parallelism, this rule makes the power circuit subject to the 
seventeen specific rules classified above. 

For the enforcement of these rules far-reaching power of re- 
prisal and dictation is reserved bv the telephone interest. 
Rule “а” successively stipulates, emphasizes, and confirms 
that the telephone interest “ shall have the right to specify the 
number, type and location of transpositions." in power circuits. 

Transpositions constitute the great gencral measure for 
naturalizing interference,—the last resort. They are both a 
hardship in expense and a menace to safety and service, and in 
degree both are, in general, proportional to the voltage trans- 
posed. The right to specify them, therefore, here becomes the 
weapon of the telephone interest against the power interests for 
all manner of possible short-comings. Upon high-voltage lines 
and especially upon tower circuits in good telephone districts, 
this right carried to logical limits. under these rules becomes 
tantamount to supreme authority. Truc, the telephone in- 
terest is limited as to the frequencv of its use,—not oftener than 
one-sixth mile apart, but this very limit serves but to emphasize 
the length and breadth and depth of the power here grasped by 
the telephone interest. 

None of the expense or burden of this new regime falls upon 
the telephone interest. Rule IV provides that ** At the option of 
the (telephone) company * * * * any of the provisions 
of II and III mav be waived." Since II and III comprise in 
effect the entire code, this provision becomes a blanket release 
giving the telephone interest immunity from any unwelcome 
involvement. Thus these rules which in effect ** box " the power 
interests on all sides, notwithstanding their purport of co- 
operation, leave for the telephone interest a back door of escape 
always open. It thus, for instance, іп paralleling a previous 
power circuit, could throw upon the power interest the hardship 
of reconstructing to conform to the rules, while itself evading 
thfough this back door any burden whatever. 

Turning now to the seventeen individual rules as already 
classified, or rather to a few of their characteristic provisions; 
of those specifying characteristics of power equipment, rule 
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m р ” requires power companies to obtain and use generators 

“ giving as nearly as reasonably possible pure sine waves of 
voltage * * *” Does this mean that the power com- 
panies of California are now using generators of characteristics 
inferior to those recognized as standard in the industry, or does 
it mean that electrical manufacturers must now evolve a line 
of generators of new design and characteristics for the special 
needs of California trade? Кие “4” raises a similar question 
as to the exciting current of transformers. Rule “j” prohibits 
the use of air switches which are now so generally used and from 
the further development of which so much is expected, while 
rule “h” requires the general use of oil switches “ rendered 
automatic for short-circuits, grounds and abnormal neutral 
currents." This calls for a mechanism which has already been 
sought for many years but never yet produced and, in the opinion 
of many, beyond mechanical possibility. 

Referring to the ias which restrict operating proecedure as 
now followed; rule “о” requires the charging of electrolytic 
arresters during the ate night, while “m” regarding line 
testing in cases of trouble, prohibits present prevailing practise 
and in effect requires the development of new methods and new 
apparatus for the localization of line faults. 

Similarly, rule “n” specifying “* * * a record of hourly 
measurements of the neutral currents * * * "іп effect seems 
to require a regular corps of attendants at every point of trans- 
formation employing a ground connection. 

The class of rules respecting obscure phenomena incident to 
power-circuits is less specific, yet ‘гие “ b " requires ‘ special 
consideration shall be given to the prevention or elimination of 
harmonics * * *” This is a problem of many years’ study 
by engineers, manufacturers and power companies alike, the 
solution of which might have saved from financial failure many 
of the power ventures of the past decade. 

Without going further at this time into the many restrictions 
and their ultimate effects, the above characteristic cases will 
illustrate the radical nature of the rules, the impossibility of 
their fulfilment, and the length to which they go in demanding 
a virtual reconstruction of the power industries to meet the 
telephone’s demands. ‘They express the telephone interest's 
demand for impracticable ideals. That the results required 
are in fact 1mpracticable ideals 1s tacitly recognized throughout 
the text by the constant recurrence of such evasive expressions 

s “ Every reasonable effort to avoid," (several times repeated), 
“ Every effort," and such vague expressions of degree as '' Closely 
as practicable," “ Nearly as practicable," “ Most reasonable 
possible," and “ Low as consistent with good practise.” 

The matter of the rule regarding crossings is of quite a different 
nature. ‘ Rule “а,” after specifying the separation between 
power and communication lines, continues “ The only exceptions 
to this provision * * %” are crossings, etc., which shall be 
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“ж ж * constructed in conformity with the National Electric 


Light Association specifications * * * %” The specifications 
here referred to were themselves initiated by the telephone in- 
terests of the East and presented through a committee formed 
under telephone influence. ‘At best they are but proposed speci- 
fications since, as a matter of record, the N. E. L. A. as an 
organization declined to adopt or sanction them. Since this 
matter occasioned much dispute, it has been generally understood 
that the question of crossings is specifically avoided in these 
rules as, in fact, it is in title, headings and otherwise in the text. 
But nevertheless it is covered here and most effectively. More- 
over this brief incorporation of it seems to be without the 
full approval or knowledge of the Joint Committee, since at 
least one member still asserts that “ These rules have nothing 
whatever to do with the question of crossings." In this light 
its interjection here seems somewhat a “joker ” on the power 
interests. Suggestively similar are those terms which reserve 
to the telephone interest the power of waiving these rules as to 
itself and of specifying transpositions, and which іп their final 
effects, as already discussed, are so far-reaching. 

To briefly review: As scen by the power interests, these rules 
are radical, without tangible limit of scope, impossible of ful- 
fillment, demand virtual reconstruction of their methods and 
business, and strain toward impracticable ideals; they have 
been framed by the tclephone interest from an utterly partisan 
point-of-view, to secure to itself supreme power of enforcement; 
they have been carried to enactment against the power interests, 
many in number, competitive and without cooperative organiza- 
tion, by a single nation-wide monoply of vast coordinate resources, 
in California, as a first step toward similar rules wherever possible. 

In conclusion: in the matter of electromagnetic interference 
there unquestionably is a very real and significant problem 
to be worked out theoretically by precisely such methods as 
those here reported. But then the same problem must again 
be worked out in practise through advance in apparatus and 
methods. Again the problem lics no more with the cause and 
its removal than with effects and their prevention; it embraces 
both. Moreover, by its very nature the problem primarily is 
that of the complainant, and its solution should first be sought 
at home. Thus there is force in the current retort of the power 
interests to the complaints of the telephone interest, that the 
latter has done as little to protect itself as the power interests 
have done to protect it. "The final solution may be found as 
much or even more in the evolution of protective and corrective 
devices for telephone circuits as in the elimination of causes 
as attempted by these rules. It is quite possible that telephone 
circuits, being more sensitive, are now somewhat at the mercy 
of the less sensitive and more rugged power circuits and therefore 
should have some relief, but such a measure as this can but re- 
verse the relation with far more hardship while accomplishing 
nothing toward the final and equitable solution of the question. 
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A suitable code of rules, as scientific deductions reported to 
a scientific body or, accompanied by its natural counterpart in 
similar rules for the telephone industry, if adopted by this 
society, would be entirely proper and useful as a consensus of 
present opinion subject to future advances. But these rules 
as law, inflexible to changing conditions and without such coun- 
terpart, are without equity or sense of proportion and contrary 
to economic order. Beyond the direct hardship imposed lies 
a greater wrong. Through their partisan point-of-view and 
narrow treatment of the issues, they establish by implication 
the principles of the power industry’s legal liability for all possible 
effects of their circuits and of the telephone industry’s fundamen- 
tal right, wherever it may go, to an atmosphere free from mag- 
netic influence, regardless of degree or priority of presence. 

J. B. Fisken: I am sure a discussion of this paper, more es- 
pecially of the rules, needs no apology before this body. I 
believe that rules or statutes should be discussed by engineering 
bodies when engineering is involved. Now, in anything I 
may say as to my opinions, I would simply state that I have 
been handling for a matter of twenty-eight years voltages varying 
from 90 to 60,000 and I have had quite a little experience. 
I want to refer to page 1317 under “ definitions; “а. Power 
Circuits." and “а. Line." These definitions provide for the 
inclusion in circuits which must be transposed, of arc circuits of 
voltages of 5,000 volts or more. But the rules do not state how 
they should be transposed Series arc circuits are quite fre- 
quently run with one wire on a street; the return wire may be 
half a mile away. The people of California may have to string 
both sides of the circuit across this distance of a half mile to 
gct a transposition or build both sides of the circuit parallel to 
the telephone line. 

I think there has been a mistake made in the arrangement of 
the rules; as, under Rule 2, section “а,” there is a rule which 
should be arranged under the heading of ‘ Phantoms.” A 
phantom, as I understand it, is something that has no apparent 
existence. As I regard this rule, and as Mr. Nunn has stated, 
it has nothing whatever to do with inductive interference; 
to my mind there is only one thing I can вес it has to do with, 
and that is an imaginary physical hazard which does not exist. 

A. H. Halloran: Since the earliest times an honest difference 
of opinion has always been an incentive to progress. Mr. Nunn 
evidently believes that this scientific investigation as to means 
for keeping a proper balance of power in circuits paralleling 
telephone lines, throws the balance of power too strongly in 
favor of the telephone company. Yct it should not be forgotten 
that the power companies have been the aggressors. Telephone 
circuits existed many years before there were power circuits. 
The telephone companies have spent thousands of dollars in 
vainly trying to solve the problem by compensating their own 
lines. Efforts were also made to adjust the matter legally, but 
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it was recognized that the subject is primarily an engineering 
problem. Consequently, while it may be admitted that the 
burden of correction is now laid upon the power companies, 
their representatives on the committee have recognized that it 
is only by the true spirit of co-operation tha any mutual under- 
standing can ever be reached. The report is admittedly only 
preliminary, and the committee stands ready to make any ad- 
justments or corrections which may be found necessary. 

A. J. Bowie: I have been greatly interested in the report 
of the Committee on inductive interference, particularly as 
this deals with a field of investigation about which little has 
been written prior to the present time. Insofar as the find- 
ings of the report are based on actual tests and data, it fur- 
nishes a very interesting study. 

The letter of transmittal states: ‘‘ Therefore the rules are not 
put forth as being final or complete but must be regarded as 
provisional and subject to such change as the results of further 
investigation and experience may determine.” 

However, experience with which the committee is ТТР Я 
not familiar has already demonstrated that their recommenda- 
tions on switches and switching are based on a very unsubstantial 
foundation. Quoting from the report, section 2, H I J, reads 
as follows: 


The commonly recognized fact that oil switches produce less severe 
transient disturbances in power circuits affords the basis for the pro- 
visions in the rules dealing with switches and switching. 


Quoting further from the report, the following rules are laid 
down to govern switches. 


H— Switch Equipment. А power circuit involved in a parallel shall 
be equipped, between the source of supply and the parallel, with oil 
switches, all poles of which shall be mechanically inter-connected for 
simultaneous action. With the exception of stations where an operator 
is constantly on duty, these switches shall be rendered automatic for 
short-circuits, grounds, and abnormal neutral currents. 

I—Switching. АП switching on all parts of a system connected to 
a circuit involved in a parallel, which causes harmful transient disturb- 
ances in communication circuits shall be done by means of oil switches, 
all poles of which are mechanically interconnected for simultaneous 
operation. 

J— Use of Air Switches. Тһе use of air switches, оп a power circuit 
involved in a parallel, is prohibited except for purposes of isolating sec- 
tions of dead line, or for disconnecting transformers under no load. 
This applies to the entire power system, any circuit of which 1s involved 
in a parallel, unless such switching is so remote as not to cause harmful 
transient disturbances in the communication circuits.” 


One of the important expenses in the transmission and dis- 
tribution of power is the cost of high-tension switches. Air 
switches represent a very material saving to the consumer over 
the cost of oil switches as their prices will range from about 
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one-third to two-thirds of the cost of the latter for switches of 
equal capacity. In addition thereto, air switches effect a still 
more important saving for high -tension work in that they may 
be located out-of-doors whereas the housing of oil switches in 
many cases costs as much or more than the switch itself. There- 
fore the use of air break switches will effect а material saving 
to the power companies and hence no rulings of any nature 
should be passed to forbid this saving unless the air-break switches 
produce an extremely bad and undesirable effect which will 
more than offset the great saving from the use of this type of 
switch. Hence it is with great astonishment that I note the 
report in this respect does not pretend to be based on scientific 
tests but on what is termed а ‘‘ commonly recognized fact." 
At one time it was a commonly recognized fact that the world 
was flat and the universe revolved around it. It is unfortunately 
the case in engineering, as in other matters, that theories based 
on insufficient data obtain partial credence and are accepted 
without real investigation. 

By the use of expensive and complicated apparatus it is pos- 
sible to establish a very short arc in air in an exceedingly strong 
magnetic field and to make the arc so established sct up high- 
frequency oscillations. But to accomplish this result requires 
the use of special apparatus entirely foreign to that used in any 
air switch construction. Itis quite possible that an arc produced 
under oil might under similar circumstances become oscillatory 
when sufficient attention is paid to the details of construction 
to accomplish this result. Ав it is possible to produce an os- 
cillatory effect 1n air many engineers without investigation have 
sincerely believed that the operation of air switches would cause 
a high-frequency surge, and this has resulted in a certain amount 
of prejudice against the use of air-break switches. 

Ап interesting article has just appeared іп the General Electric 
Review of September, 1914, Бу Mr. W. P. Hammond, Engineer 
of the Northern Contracting Company, giving a description of 
extensive tests on air-break and oil switches, conducted on 
systems of 44,000 and 110,000 volts, opening loads of several 
thousand kilovolt-amperes. These tests fully demonstrate the 
fact that 1n many respects the air switches are superior to oil 
switches. Quoting from the article: “ In order to get a general 
check on the voltage surge, set up on the load side on opening 
the circuit with an air-break switch, a needle point spark gap 
was connected to two of the phases set accurately for different 
voltages and the maximum sparking gap noted for each switch 
under the same load conditions. Тһе same experiment was 
tried on an oil break switch 1n the circuit and the maximum 
sparking distance recorded when the circuit was opened with 
this switch was greater than with the air break switch." This 
shows that oil switches cause a greater surge and rise of voltage 
than air switches. The article further states “ The oscillograph 
records obtained during these tests do not indicate that there is 
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any high frequency set up on the lines by air switches which is 
especially dangerous to the equipment.” Also, ‘‘ The spark 
gap test previously referred to in this article would indicate 
that the surges in the voltage set up by the air-break switch 
are not so violent as those set up by an oil switch, although 
this is not in line with the current opinion." Also,“ The general 
conclusion drawn from these tests is that the air break switch 
will doubtless replace the oil switches for many uses." Thus it 
is apparent that the air break switches do not set up material 
oscillations in the circuit. The illustration herewith, from the 
above-mentioned article, 15 an oscillograph record showing the 
conditions when opening a 50,000-volt system and interrupting 
an energy load of 2500 kv-a. with an air-break switch. The 
upper curve represents the voltage on the supply system, and 
the lower curve represents the current. It is of particular in- 
terest to note that the current curve tapers off gradually, the 
time of tapering consuming about six cycles. This is a very 
important consideration in the action of air-break switches, 


ІШ 


SHOWING INTERRUPTION OF AN ENERGY LOAD OF 2500 ку-А. 
WITH AN Аік-ВвЕЕАК SWITCH 


showing that the introduction of the high resistance of the long 
arc cuts down the current before the moment of final break, 
thus lessening the voltage rise over that which occurs with 
an oil switch, where the break is more sudden. The time of 
operation of air switches is in general from one to three seconds, 
provided the switch is not overloaded. The actual time will, 
of course, depend on the design of the switch, as well as on wind 
conditions. The time given above is a result of a long series of 
observations. 

The conditions of opening of an air switch are commonly 
misunderstood. A short arc in an air switch will be of relatively 
little resistance so that until the arc lengthens materially, 
there will be no substantial change in the current conditions 
over that obtained prior to the opening of the switch. After 
the arc has lengthened sufficiently, an effective gradual decrease 
in the current will occur and will require only a few cycles. Thus, 
for illustration, if it took the switch in question three seconds 
from the time of opening the switch until the arc was extin- 
guished, this would last overa period of 180 cycles. During the 
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first 174 cycles, no very material change would take place in the 
conditions of operation over what existed prior to opening the 
switch. Duringthe last sixcycles,the resistance of thearcincreases 
rapidly, thus diminishing gradually the current up to the point 
of final break. At worst, even if the switch operation does 
affect the telephone lines, the period of such operation is ex- 
ceedingly brief, also, the switch operation is in general very 
infrequent on high-tension lines, so that even if severe distur- 
bances should be produced the total time during which the tele- 
phone service would be affected in a year would be so small 
as to be practically negligible in comparison to the saving to 
the companies and consequent saving in the cost of power de- 
livered to the consumer. 

From the foregoing the following conclusions are drawn: 

1. Air break switches will produce less rise of voltage than 
oil break switches, and hence will not affect the telephone sys- 
tem as severely as the oil switches. 

2. No material high-frequency surges are set up on the 
opening of air switches. 

3. The duration of opening of air switches is somewhat longer 
than that of oil switches but the total time of such operation 
. is so small as to be negligible in its effect on the telephone service. 

4. The advantages of air switches are very much greater 
than any disadvantages cited. 

I might add further that air-break switches are in use for 
controling many important lines, among others, the longest 
line 1n the world, comprising the svstem of the Southern Sierras 
Power Company, which transmits power from Bishop to San 
Bernardino, a distance of 240 mile-. Also, I have installed many 
air-break synchronizing high-tension circuit breakers for syn- 
chronizing high-tension lines, and according to all reports 
received the operation in synchronizing is perfect, and does 
not cause the slightest appreciable disturbances of the system. 

I am sure that everyone will артес in the suggestion that 
before drastic rulings on switching are adopted by any com- 
mission, more complete investigations should be made as a basis, 
rather than the unsubstantial basis of “ commonly recognized 
fact." 

Geo. S. Humphrey: Referring to the paragraph entitled 
" Minimum horizontal ѕерагайоп: I question whether the 
last three lines of that really mean very much. It savs that 
“ Crossings shall be constructed in conformity with the National 
Electric Light Association's specifications for overhead crossings 
or other approved equivalent which mav be agreed to by both 
companies." Ав most of you are probably aware, there was 
a resolution passed on this subject at the last meeting of the 
National Electric Light Association. This resolution reads as 
follows: 

Whereas, at the annual convention of the National Electric Light 
Association in the vear 1911 there was presented a report Бу the Com- 
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mittee on Overhead-Line Construction, to which the Executive Com- 
mittee then gave its qualified approval, since which time the progress 
in the state of the art and the continued good work done by the Com- 
mittee have developed recommendations of better practice which the 
overhead-line-construction committee now presents to this convention; 

Therefore, be it RESOLVED, That the thanks of the Association are 
due and extended to the Overhead-Line Construction Committee for its 
sacrificing and painstaking efforts, and, in view of the later recommenda- 
tions of that Committee that the heretofore qualified approval of the 
1911 report is hereby rescinded, and that the question of voltage limita- 
tion shall be eliminated from any recommendations or reports of any 
committee of this Association, by inference or otherwise, with relation 
to overhead-line construction practices, and that any such recommenda- 
tions or specifications to this or previous conventions by any committee 
shall not be sanctioned by this Association. 


This resolution was adopted by the National Electric Light 
Association in June, and so at the time these rules were pre- 
scribed by the Commission, there was not and is not now any 
such thing as “ National Electric Light Association's Specifica- 
tions for Overhead Crossings.” No such specifications are in- 
cluded in the Handbook on Overhead-Line Construction, which 
was published at that time. 

It appears that in defining telephone circuits, telephone 
systems of high-tension operating companics are included as 
а telephone circuit. Тһе term includes any metallic telephone 
circuit operated by any railroad or other company for dispatching 
purposes. I just wondered if private telephone systems of 
transmission companics ате included in that definition of the 
telephone circuit. 

In the section of the country with which I am familar there 
were formerly two telephone systems, and they have lately been 
consolidated. Now almost every important road in the coun- 
try has a telephone line on each side of the road which is owned 
by the same company. I wonder what the recommendation of 
the Committee would be as to where the line of the power 
company should be placed along these roads. 

Т. C. Martin: I think Mr. Nunn has covered the practical 
aspects of the question about as well asit can be done. However, 
from the standpoint of the experience that I have had in con- 
nection with transmission and distribution problems in the 
Northwest, I have a few suggestions to make. 

The 5000-volt limitation is particularly bad. The company 
that I am connected with opcrates a great many miles of 6600- 
volt circuit. So far as апу records we have, or anything that 
wc have heard from the telephone companies show, we have no 
trouble due to inductive interference with properly constructed 
telephone lines. These rules would practically put us out of 
business as far as the 6600-volt line construction and operation 
is concerned. That is especially true because of the rule covering 
transformer connections. Owing to the conditions we have to 
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meet we make very frequent use of the open-delta connection 
and do not operate any of our single-phase transformers without 
grounding the secondary neutral. 

On the question of telephone lines occupying both sides of 
.the road: I think here in the Northwest, and I believe in most 
portions of the country as well as the Northwest, you will find 
that every country road has at least one telephone line that 
usually succeeds in occupying both sides of the road, and often 
there are two or more lines that stagger from one side of the road 
to the other. The lines are ordinarily ground return circuits and 
the construction adopted is usually the very cheapest that can 
possibly be used and have the lines stand at all, and no effort 
is made to even install the ordinary telephone protections. I 
am wondering, with Mr. Humphrey, what would happen in 
case a power company desires to build a line of over 5000 volts 
along such a country road, either in the State of California or 
wherever these roads might be located, and these rules enforced. 
The power company could undoubtedly be forced to rebuild 
such lines completely if these rules were in force. It seems to 
me absolutely unjust to force the power companies to stand the 
trouble that is due in many cases entirely to the poor constiuction 
of the telephone lines involved. 

Like Mr. Nunn, it appears to me, from the wording of these 
rules, that a large number of important questions of design are 
left to the sanction and fiat of the telephone company; in other 
words, the engineers of the power companies are without any 
voice whatever in the matter as to how their service shall be 
handled or as to the methods or designs they shall adopt to 
best serve their customers. I know that in the territory we 
are serving the burden put upon the company in complying with 
rules of this sort would practically prohibit the serving of a large 
number of our customers and prospective customers. 

Again, the telephone companies are relieved of practically 
all responsibilitv in the matter and the power companies are 
saddled with the responsibility and expense of avoiding any 
trouble that it may be necessary to take care of. I believe it 
will be conceded that the power companies furnish service that 
is as much of a public necessity as that furnished by the telephone 
companies. If any action is to be taken, the responsibility of 
caring for the trouble should be divided equallv between the 
parties involved, and the telephone companies as a whole should 
be forced to a standard of construction that will be at least equal 
to that maintained by the power companies. 

L. J. Corbett: Entirely apart from the legal aspect of this 
report I think that we are fortunate in having it before us for 
its value as a technical contribution. It represents the investi- 
gations of a committee which was well equipped ; it presents some 
of its findings, and contains certain recommendations which 
do indicate to us how we шау avoid interference. 

There is one thing that attracted my attention at first glance 


1914) DISCUSSION АТ SPOKANE 325 


at the paper, and that is in one or two of the definitions, 
the use of the term “ residual." Possibly most of you would not 
take up such a point as this, but at first glance I wondered 
which meaning of “residual” was intended. I find that it 
refers to “ the vector sum of the current іп the several conductors 
of a power circuit"" We are used to thinking of residual as 
something left over, a residual charge upon a condenser, residual 
magnetism in a field, and it seems to me we are using an old 
word for a new idea, which new idea requires a separate defini- 
tion for the old word. It does not give us the idea at once as 
to what is meant, and I wonder if this committee gave any great 
thought to this matter in drawing up their definitions. It would 
seem that a word could be found which would connote the idea 
a little better than this word residual. 

In reference to Mr. Fisken’s question about the series circuit, 
I would offer as a suggestion that in such a case, according to 
this definition of residual, the entire current of the series system 
would be residual current and the entire voltage, the residual 
voltage. 

Chas. P. Kahler: In the discussion of Rule V the following 
comment is made: 


V. The Committee has undertaken no investigation of cases of par- 
allelism with alternate current railways, but as the seriousness of this 
class of exposure is recognized it is thought desirable that it be referred 
to specifically. 


However, although the Committee admits that it has made 
no investigation upon which to base any regulations for such 
conditions, nevertheless, it has undertaken to make such regula- 
tions, as shown by the following portion of Rule V. 


In the present state of the art, no means for completely overcoming 
inductive interference from such parallels is known, hence, they are 
to be avoided if possible. 


_ If such rules were in force in the State of Washington, could 

the Inland Empire System be extended if there was a telephone 
or power line in the territory where it is proposed to extend it? 
It is well known that considerable study has been made to elim- 
inate disturbances caused by both alternating- and direct-current 
railway circuits, and the latest work and information on this sub- 
ject would indicate that trouble from this source may be over- 
come. The fact that the railroad companies themselves have 
to maintain communication circuits makes it necessary to 
provide means to prevent interference with them. It does not 
appear to me proper to add rules which may cause unnecessary 
expense to any electrification proposition unless the effect of 
such rules is definitely known. 

L. Т. Merwin: І think you were peculiarly happy in your 
choice of Mr. Nunn as the first one to be called upon for the 
discussion of this paper. I was greatly pleased with Mr. Nunn’s 
calm, judicial manner in handling the subject and with the 
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nature of his remarks from the standpoint of a power man. 
Mr. Nunn, І think, has gone right to the quick of the matter 
from the standpoint of the power man, and ‘“ forewarned is 
forearmed." This thing has been done in California; most of 
you gentlemen are from northern states, northwestern states; 
if such a thing as this 1s to be put in a legal form in Oregon or 
Washington or Idaho or Montana I am sure there will be before 
the respective commissions of these states very well prepared and 
vigorous opposition, and rightly so, I believe. 

I have great admiration for this paper as a sciefitific document; 
it puts before us in a very lucid way some things that we all 
wanted to know, but it puts them also firmly before us in a posi- 
tive legal way, not bringing out what we may do, but; “ Gentle- 
men, how do you like this? This is what you have to do." 
It is written by a body of men of undoubted scientific attainments 
and 15 presented to us as their findings, but presented as their 
findings after those findings have been put into legal form. It 
isn't here for our discussion as to the merits of the thing from 
an engineering standpoint, 1% comes as an absolutely closed book, 
and I feel very sorry for the power companies operating in 
California. 

Mr. Humphrey brings up the point as to what will happen 
in a legal way, or how is one to interpret the situation, if the 
communication company 1s also the power company, considering 
its own communication lines. Mr. Nunn very clearly stated 
what could be done: Тһе power company can simply sneak 
away from itself out of that ' back door." That is all right 
and is easy. 

We have a line of our own; I have been troubled with induction 
on that line for some seventcen months. Оп about fifty 
miles of our powcr line we had considerable difficulty owing to 
the topography of the country. It passes down along the 
north bank of the Columbia gorge. I have found it absolutely 
impossible, try as I may, up to the present timc to neutralize 
the inductive effects on the tclephone line. The power line 
is not transposed. However, we have done something else 
than transposing, and it scems to me that the tclephone company 
might do the same. I have simply given up all efforts to get 
rid of induction, I have accepted it as a fact,andthen looked around 
to see if I could kill it or get rid of it insofar as the receiver of the 
telephone instrument was concerned, and I beheve that I have 
succeeded. Now if a power company can succeed surely the 
minor disturbances that arise on the tclephone lines can be taken 
care of by the telephone companies. It seems that those slight 
residual effects—I mean residual not in the sense іп the paper— 
can still be neutralized. Very briefly and as an aid to others who 
are having the same trouble, I have learned through the manager 
of the Federal Wireless Telephone Company in Portland of a 
high-power transmitting instrument made by some private 
firm in Seattle, the name of which I shall be glad to give to any 
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one. I have arranged reactors and condensers into a resonant 
circuit at the instrument, and found I could actually neutralize 
the inductive effects of the power line at the instrument. With 
an ordinary transmitter the working current is not strong enough 
to force through the series impedance of this arrangement. By 
using this high-power telephone transmitter I found I could 
get sufficient amplitude of talking current. I simply mention 
this as a possible relief to other power men who have had the 
-same trouble with their own telephone lines. 

C. E. Rogers (by letter): This report is very interesting as 
it covers a subject to which much space in the scientific press 
has been devoted in a qualitative manner, but, like previous 
papers, it does not give any quantitative results. I realize that 
many more formulas are yet to be derived in order to present 
this subject with mathematical accuracy, such as has been done 
in the calculation of corona losses, and I regret that at least 
one appendix has not been devoted to the calculation of the 
voltage and current induced in the communication circuits of 
one of the exposures mentioned. In order to present the 
rules that have been recommended, these data must have been 
accumulated, and an appendix containing quantitative informa- 
tion would receive deserved attention and valuable criticism. 

A. J. Bowie, Jr. (by letter): Supplementing my oral discussion 
of the report of the inductive interference committce, the most 
direct and authoritative evidence on results of opening air 
switches can naturally be obtained from companies making ex- 
tensive use of apparatus of this nature. Consequently for 
further investigation of this subject, I have written to The 
Pacific Power Company, Bodie, California, and The Southern 
Sierras Power Company, Riverside, California, both of which 
Companies employ air switches, almost exclusively, for their 
high-tension systems. 

I have addressed the following questions to these companies: 

(1) Have you on your lines any material length of what may be termed 
parallel to the communication circuits? 

(2) To what company do the communication circuits belong? 

(3) Has your company ever received complaints from owners of com- 
munication circuits about the inductive effect of your power lines? 

(4) Have any specific complaints ever been received of trouble in com- 
munication circuits from switch operation? | 

(5) If so, what is the general nature of such complaints, 1.6. as affect- 
ing the interference with communication or as affecting any safety or 
any other apparatus connected to their system. 


In reply thereto, I have received the following answer from 
Mr. C. O. Poole, Chief Engineer, Southern Sierras Power Com- 
pany: 

(1) We have several cases that might be used under the term parallel 
to the communication circuits. 

(2) The communication circuits belong to The Pacific Telephone & 
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Telegraph Co., the Southwestern Telegraph Co. and The Western Union 
Telegraph Company. 

(3) We have received several complaints from the Pacific Telephone 
& Telegraph Co., Southwestern Telegraph Co.. and the Interstate Tele- 
graph Co., of the inductive interference with their communication cir- 
cuits. 

(4) We have not received any specific complaints of disturbances 
caused by the operation of air switches. We have however, received 
complaint from the disturbances of the service caused by the charging 
of the electrolytic lightning arresters. We are preparing to install current 
limiting resistors which will probably reduce the cause for complaint. 


Reply from Mr. W. N. Chatfield, General Manager, The 
Pacific Power Company: 


(1) Telephone lines parallel our transmission line for a distance of 
125 miles, and are on the same poles as the transmission line for a dis- 
tance of 66 miles. 

(2) Telephone lines used in connection with power operation and 
not for public use. 

(3) We have received no complaints on account of inductive effects 
on the telephone lines. Naturally there is a good deal of induction on 
the telephone line but not so that it interferes in any way with the opera- 
tion of same, and as the line is for our own use, naturally no one has any 
complaint to make. 

(4-5) We have not had any trouble to amount to anything in our 
telephone system caused by switch operation on the transmission line. 


It is greatly to be regretted іп making this investigation, that 
the committee did not avail itself of the experiences of some of 
the largest users of air switches on the Pacific Coast. Had it 
done so, I feel sure its report on this subject, would have taken 
a very different aspect. 

АП the evidence available, shows very strongly that oil 
switches will produce more severe disturbances than air switches 
on their own, as well as on neighboring lines. "There 15 one fea- 
ture of the report which is most inconsistent, namely, the 
prohibition of air switches, and at the same time the allowance 
of the use of electrolytic lightning arresters. From the very 
nature of the electrolytic arrester, the breaking of the current 
either when the arrester is being charged, or when the arrester 
is operating,is very abrupt, and hence very apt to cause un- 
desirable effects on parallel lines. To be at all consistent, the 
electrolytic arrester should have been included in the general 
prohibition of the subject of arcs in air. 

Even though oil switches will cause more severe disturbances 
than air switches, there is certainly no reason sufficiently strong, 
at the present time, to render advisable in any way the prohibi- 
tion of any special type of switch, and legislation in this direction 
is a definite step backwards. 

joint Committee on Inductive Interference: The above 
discussion of the report of this Committee discloses many 
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misunderstandings, some of the clear meaning of the recom- 
mendations, but mainly of the scope and the spirit of the Com- 
mittee’s work. This scope and spirit may perhaps be best 
expressed in words as follows: * 

The State of California must have both electric power and 
electric communication. The former now conflicts with the 
latter and the conflict is becoming more serious vear by year 
as the two services expand. When the two services approach 
their ultimate development of universal power distribution on 
the one hand and universal communication on the other hand, 
the conflict will greatly hamper the communication service if 
the power service is permitted to expand with no limitation 
of its inductive effects. Тһе greatest good to the greatest 
number, which is in this case the best and cheapest power 
service combined with the best and cheapest telephone service 
to the people of the Statc, will be obtained by the imposition 
of such burdens on the power service as will result in improve- 
ments to the telephone service greater than the burdens im- 
posed. The Committee contends that each of the burdens 
impósed on the power service by the rules recommended will 
result in an improvement of the telephone service to the citizens 
of the commonwealth totally out of proportion to the interfer- 
ence of those same rules with power service to the citizens of 
the commonwealth. This view has been kept clearly in mind 
in the formulation of each ruling recommended to the State 
Railroad Commission. 

The Committee admits that “ benefits accrue only to one 
interest while burdens are laid upon the other." Since by no 
stretch of the imagination can the inductive effects of com- 
munication circuits ав now operated (wireless excepted) be con- 
sidered as interfering with power circuits, the latter will not 
be benefited. No engineer should intimate that such a benefit 
should be sought. Тһе Committee docs not admit, however, 
that the burdens are ‘ extreme hardships,” but contends that 
these burdens will in all cases do more good than harm to the 
public services of the State as a whole. 

Admittedly, “ the Commission is led to adjudicate the dif- 
ferences and leyislate changes in practise from scientific consid- 
erations alone * * * *” and all praise is due the Commission 
for this action. But the Committee submits that there the 
“ broader aspects of the issues involved," viz:, equity, inherent 
rights, the evolution of the respective industries, and the policy 
of the public toward its utilities, are all covered by or are subor- 
dinate to the principle of the greatest good to the greatest num- 
ber. This has been the chief consideration followed throughout. 

The Committee does not agree that the rules ' establish by 
implication the principle of the power industry's legal liability 
for all possible effects of their circuits," but does contend that 
they establish in California the power industry's legal liability 
for unnecessary, unwarranted or avoidable inductive effects 
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where such effects will work hardships materially greater than 
those necessary to avoid them. Neither do the rules establish 
* the telephone industry’s fundamental right, wherever it may 
go, to an atmosphere free from magnetic influence, regardless 
of degree or priority of presence." They do establish the tele- 
phone industry's fundamental right, wherever it may have 
metallic interexchange circuits (not subscribers’ circuits) to an 
atmosphere free from inductive influences so great as to cause 
harm more serious than the burdens imposed on the power 
industry by reducing such influence. 

The Committee admits the justice of the criticism (favorable 
or unfavorable) that '' the scope of the restrictions placcd upon 
power interests is without tangible limit." Тһе absolute im- 
possibility of determining in the general case,for example, to 
just what extent the residual current in a power circuit can be 
reduced with a burden on the power system less than the benefit 
to the telephone system, makes it necessary to use the expres- 
sions Griticised, ‘‘ closely as practicable", “ every reasonable 
effort", * low as consistent with good practise," etc.; unfortu- 
nately, perhaps, the communication interest is the party best 
able to judge the effects of these intangible quantities and this 
interest has been given in some cases the right within fixed 
limits to specify quantities, on the assumption of co-operation, 
with the Commission as a court in case of disagreement. The 
Committee hopes that its future work will make it possible to 
be more explicit with respect to such quantities as are capable 
of quantitative analysis into burdens and benefits. 

The Committee admits also that the communication interests 
have much of their future life to gain and nothing to lose by the 
investigation and its results, and that the power interests have 
nothing to gain and little to lose as compared to the gains of 
the other party; for which reason the telephone interests have 
contributed to the work more men, funds and equipment than 
have the power interests, and have naturally taken a deeper 1n- 
terest in the work. Admittedly also, the telephone interests 
of practically the whole country have been pitted ayainst the 
power interests of California, which in this work were not '* com- 
petitive апа without cooperative organization.” But the 
Committee denics that the natural zeal set up by this greater 
incentive has been effective in making its recommendations 
depart from the principle of the greatest good to the greatest 
number. 

A more nearly just criticism 15 that “the problem hes no 
more with the cause and its removal than with effects and 
their prevention," but the Committee has not yet found many 
opportunities for improvement of telephone plant or operation 
because the telephone interests have already made many such 
improvements. 

It is not true that “ none of the expense or burden of this new 
regime falls upon the telephone interest." The rules recom- 
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mended cover rctransposition of the tclephone lines to match 
power line transpositions, which is no small requirement, since 
many telephone transposition points are required for each power 
transposition, and with a heavy telephone lead there must be 
a large number of transpositions at cach transposition point. 
It is hoped that the future work of the Committce may develop 
other possibilities of improvement of the telephone plant. 

The more specific criticisms of details of the report are subject 
to the following comments: 

-The requirement of wave shape of synchronous machinery 
does not mean that the power companies of California are now 
using gencrators of inferior characteristics, nor does it mean 
that “ electrical manufacturers must now evolve a line of 
generators of new design and characteristics for the special 
needs of California trade." It does mean that due weight should 
in the future be given the matter of wave form from the stand- 
point of its possible inductive effect on other circuits. There 
is nothing extreme contemplated. The Standardization Rules 
of the Institute are set up as the limiting requirements. 

With regard to the exciting current of transformers, investi- 
gation will show that the 10 per cent limitation covers all ordi- 
nary practise and good design, but excludes densities so ex- 
cessive that they might be considered “freaks.” s 

The requirement of oil switches rendered automatic for 
abnormal neutral currents, far from being beyond mechanical 
possibility, calls only for the addition of the most simple kind 
of an overload trip connected in a circuit of ground potential. 

The rule regarding line testing in case of trouble does not 
“prohibit present prevailing practise" as far as California is 
concerned, and does not “ require the development of new 
methods and new apparatus for the localization of line faults," 
but does enforce the best prevailing California practise, with- 
out new methods or apparatus. 

The record of hourly measurements of neutral currents is 
called for only at the main generating and substations, at most, 
if not all of which, operators are on duty at all times, for which 
reason this rule does not “іп effect seem to require a regular 
corps of attendants at every point of transformation employ- 
ing a ground connection." 

Harmonics of either voltage or current іп a power system, 
far from being “а problem of many years study by engineers, 
manufacturers and power companies alike, the solution of 
which might have saved from financial failure many of the 
power ventures of the past decade," are usually inappreciable 
so far as the operation of the power system itself 1s concerned, 
and in the few extreme cases where they are so appreciable, 
they can be reduced without material expense. 

The only rule affecting construction at points of close proxi- 
mity is not outside the scope of the Committee's work, as an 
examination of that part of the report covering the formation 
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of this committee would show that the Railroad Commission 
called for recommendations ‘‘ tending to minimize inductive 
interference and physical hazard arising from parallelism of 
different classes of circuits.”’ 

The specifications referred to as those of the М.Е. L. A. are 
well known in California as those embodied in the joint report 
of the Committee on overhead line construction of the N. E. 
L. A., the High-Tension Transmission Committee of the A. I. 
E. E., the committee on power distribution of the A. E.R. A., 
and other committees, and were refcrred to bv the above ab- 
breviated name since the same name is used by the Railroad 
Commission of the State of California in its General Order No. 
26 covering overhead crossings. 

Series arc circuits are not constant potential in character 
and are thercfore excluded from the rules under the definition 
of power circuits. 

The criticism referring to roads with telephone lines on both 
sides 15 generally inapplicable, as most such duplication is of 
subscribers’ circuits, which are excluded. 

some other criticism might be similarly shown to be due to 
a lack of care in reading the report or of familiarity with the 
subject. 

“Тһе criticism of the ruling on the use of air switches has 
been based on an entire misinterpretation of the spirit of the 
work. Тһе Committee stated that the reason for this ruling 
was the commonly recognized fact that oil switches produce 
less severe transient disturbances in power circuits. While 
this may not be true so far as voltage rise in the power circuits 
is concerned, the disturbances which affect by induction neigh- 
boring communication circuits are far more severe when air 
switches are used than when oil switches are used. The dis- 
turbance of a power circuit due to switching that causes the 
greatest inductive interference 1s the breaking of one or two phases 
in advance of the other two or one phase. In case of a system 
with neutral grounds this action gives a large momentary ground 
return current in the power circuit. In case of an isolated 
system this action gives momentary application of full line volt- 
age to only one or two conductors, with no balancing voltage 
on the other conductor or conductors. Either result causes 
inductive effects excessive as compared with normal operation. 
А properly constructed oil switch gives more nearly simultaneous 
interruptions in all poles, hence this inductive effect 1s of shorter 
duration. Тһе published data on which this ruling has been 
criticised give the following information on this point: 


The maximum time necessary in which to interrupt the arc in any 
of the 50,000-volt tests was 25 seconds and the minimum 2 seconds, 
the average time for a large number of the tests being 6 seconds. The 
average time necessary to interrupt the ares in the 110,000-volt test 
was 7 seconds, the maximum being 16 and the minimum 3. This means 
that the air-break switch requires anywhere from 120 to 1500 cycles in 
which to interrupt a circuit, while the oil switch may accomplish this 
result in half a cycle. (General Electric Review, Sept. 1914, page 868). 
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Other tests on oil switches show breaking of all three phases 
within a small fraction of a cycle. With air switching require- 
ing several hundred cycles to break the circuit, the instant of 
breaking of each phase depends upon atmospheric conditions, 
and the three breaks are separated by far longer time intervals 
than those of oil switches. Тһе excessive residual currents and 
voltages during these time intervals give inductive effects com- 
monly described by the telephone colloquialism “а bat in the 
ear." Тһе Committee has records of many cases of temporary 
injury to hearing both from air switching, and from the use of 
oil switches not properly interconnected for simultancous action. 
Members of the Committee represent by far the largest users 
of both air and oil switches on the Pacific Coast and also rep- 
resent interests having by far the largest number of parallels 
existing in California, if not in the world. Тһе experience of 
the interests represented amply confirms the scientific bases 
for these rulings. 

А. Н. Babcock (by letter): If the minutes of the mect- 
ing at which the Joint Committee was organized could have 
been published with the report, certain criticisms, perhaps, 
would have been worded differently. Тһе minutes аге too 
lengthly for publication, even in abstract, but the history of 
the organization of thc committee as recorded therein is now 
given to show the reasons for the investigation, the spirit in 
which it was undertaken and prosecuted, and the representative 
character of the members of the committee. 

Several complaints had been made to the Railroad Com- 
mission by the Pacific Telephone & Telegraph Company, 
against inductive interferences by certain power companies' 
circuits. Tests to determine causes and remedies had been 
carried on for two months by the companies involved, working 
with the authority of the Railroad. Commission Engineering 
Department. The results promised so much that, at the re- 
quest of the chief engineer of the Railroad Commission, a general 
meeting was called ‘‘ between representatives of various tele- 
phone, telegraph and powcr companies of California, and re- 
presentatives of the Railroad Commission of the State of Cali- 
fornia, for the purpose of appointing a committee to conduct 
tests and gather information with reference to induction matters, 
both applying to cases now before the commission, and generally . 
throughout the State." (Minutes). 

Invitations to appear at the mecting were sent to every 
telephone, telegraph and power company operating within the 
State. Twenty-three companies responded by representative 
appearances. After a preliminary discussion the Railroad 
Commission requested all the power men to meet in one room, 
all the telephone and telegraph men to mcct in another room, 
the two groups each to name four men to serve on the com- 
mittee, (subject to the approval of the commission), with four 

members of its engineering department staff, and one from the 
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railway interests, not included with either of the two groups 
in adverse interest, because the railways operate both power 
and communication circuits. 

The president of the Railroad Commission in opening the 
meeting above mentioned said, “It is distinctly understood 
on behalf of the commission that we desire to have this commitiee 
appointed representing the power companies and the telephone 
and telegraph companies and this commission, and that, of course 
the recommendations of this committee will be very persuasive 
on the commission, but * * * * the commission will formulate 
the rules we * * * * believe we сап get permanent results that 
will help us in the future on these matters of construction, and 
we desire it understood specifically that it is to be carried on 
not exactly under the direction but under the supervision of 
the commission with a view of a recommendation to this com- 
mission." 

The personnel of the committee selected is given below. 


Representing Railroad Commission: 
Mr. R. À. Thompson, Chief Engincer. 
Mr. А. R. Kelley, Assistant Engineer. 
Mr. James T. Shaw, Assistant Rate Expert. 
Mr. R. Emerson Hoar, Assistant Rate Expert. 


Representing Railroad Interests: 
Mr. А. Н. Babcock, Consulting Electrical Engineer, Southern Pacific 


Company. 
Representing Telephone and Telegraph Interests: 
Mr. А. H. Griswold, Plant Engineer, The Pacific Telephoné and 


Telegraph Company. 
Mr. R. W. Gray, Division Superintendent, Western Union Telegraph 


Company. 
Mr. C. H. Temple, General Manager, United States Long Distance 


Telephone Company. 
Mr. L. M. Ellis, General Manager, Union Home Telephone Company. 


Representing Power Interests: 
Mr. H. А. Barre, Electrical Engineer, Pacific Light and Power Cor- 


poration. | 
Mr. Louis Elliott, Engineer, Great Western Power Company. 
Mr. P. M. Downing, Engineer, Pacific Gas and Electric Company. 
Mr. J. E. Woodbridge, Chief Engineer, Sierra апа бап Francisco 


Power Company. 
The organization and personnel of the Joint Committee on 


Inductive Interference were approved by the Railroad Com- 
mission on January 6, 1913, and the committee thereupon pro- 
ceeded with the necessary tests and investigations. 

Since the formation of the committee, through additions, 
resignation or death, the personnel of the committee has changed 
as follows: 

Mr. Louis Elliott resigned and Mr. J. A. Koontz, Engineer 
of the Great Western Power Company, was appointed in his 
place. 

Mr. V. V. Stevenson, Electrical Engineer of the Postal Tele- 
graph Cable Company, and Mr. L. N. Peart, General Super- 
intendent of the San Joaquin Light and Power Company, 
were added to the original membership by action of the com- 


mittee. 
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Mr. R. А. Thompson, Chairman of the Joint Committee, 
resigned. Mr. W. С; Earle, his successor as Chief Engineer 
of the Commission, was elected to membership and chairman- 
ship. Subsequently Mr. Earle resigned and Mr. Richard 
Sachse, then Acting Chief Engineer, now Chicf Engincer of 
the Railroad Commission, was elected to membership and 
chairmanship. 

Mr. L. M. Ellis resigned and Mr. R. W. Mastick, Trans- 
mission and Protection Engineer of The Pacific Telephone and 
Telegraph Company, was elected to membership. 

Mr. H. S. Warren, Electrical Engineer of the American Tele- 
phone and Telegraph Company, was elected to honorary mem- 
bership. 

Mr. James T. Shaw, Secretary of the Joint Committec, 
resigned. Mr. А.К. Kelley was elected to the office of secretary. 
The vacancy in membership created by the resignation of Mr. 
Shaw was later filled by the election of Mr. A. L. Wilson, As- 
sistant Rate Expert of the Railroad Commission. Mr. James 
T. Shaw was elected to honorary membership. 

The death of Mr. L. М. Peart created a vacancy іп membcr- 
ship which was filled by the election of Mr. J. P. Jollyman, 
Engineer of Electrical Construction of the Pacific Gas and 
Electric Company. 

Mr. А. К. Kelley resigned and the vacancy was filled Бу 
Mr. A. F. Bridge, Assistant Electrical Engincer of the Railroad 
Commission. 

The Chief Engineer of the Railroad Commission always has 
been Chairman of the Committce. 

The power companies whose officers are named above are 
the ranking companies of this State, in respect to age, extent 
of system, and magnitude of interests involved. In at least 
these respects they may be compared with any other similar 
interests elsewhere. Their representatives have carried out 
the investigation in a spirit of non-partisan scientific search 
for the facts, and for the remedy of a condition, in a fashion 
that repeatedly has aroused the whole-hcarted admiration of 
the other members of the committee. 

The report represents the best efforts of those who signed 
it. Every sentence was studied carefully. Not one was 
passed for final copy until every member had been given full 
opportunity to present his views, and often, the final vote was 
not polled until certain members were satisfied that every man 
present understood the full effect of the vote on both sides of 
the question. In every case the vote was unanimous. 
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A. I. E. E. Meeting in New York, 
March 12, 1915 


The 305th meeting of the American 
Institute of Electrical Engineers will 
“Бе held in the Auditorium of the En- 
gineering Societies Building, 33 West 
39th Street, New York, on Friday, 
March 12, at 8:15 p.m. This will be 
a joint meeting of the A. I. E. E. and 
the New York Section of the Ameri- 
can Electrochemical Society, and two 
papers will be presented, as follows: 
Fixation of Atmospheric Nitrogen, by 
Leland L. Summers of the A. I. E. E., 
and The Cyanamide Process, by Frank 
B. Washburn of the A. E. S. Тһе for- 
mer paper is printed in this issue of 
PROCEEDINGS and advance copies will 
be distributed at the meeting. 

At the close of the technical session a 
smoker will be held and light refresh- 
ments served in the A. I. E. E. rooms 
on the 10th floor of the building. 
Members of the American Electro- 
chemical Society are cordially invited 
to attend the smoker. 
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A.I.E.E. Cleveland Meeting, 
March 18-19, 1915 


A meeting of the A. I. E. E. will be 
held on March 18 and 19, 1915, in 
Cleveland, Ohio, the arrangements 
for which are in charge of the off- 
cers of the Cleveland Section and the 
Industrial Power Committee of the 
Institute. The headquarters of the 
meeting will be at the Hollenden Hotel 
and the technical sessions will be held 
in the banquet room. The technical 
papers are all published in this issue of 
the PROCEEDINGS and reprints of these 
papers will be available without charge 
upon application to Mr. E. H. Martin- 
dale, National Carbon Co., Cleve- 
land, O., and will be distributed at the 
meeting. The program of the meeting 
is as follows: 


Thursday, March 18 


9:30 A.M. 
Address of welcome by Mayor New- 
ton D. Baker. 
1. Application of Electricity to the Ore 
Handling Industry, by C. P. Gilpin. 
2. Line Disturbances Caused by Special 
Squtrrel-Cage and Wound-Rotor Mo- 
lors when Starting Elevators and 
Hoists, by J. C. Lincoln. 
12:00 NooN 
Luncheon with the Electrical League 
of Cleveland. 
2:00 P.M. 
Inspection trips, detatls to be ап- 
nounced at the meeting. 
7:00 Р.М. 
Informal banquet, Hollenden Hotel. 


Friday, March 19 


9:30 A.M. 
3. Answers to Some Questions on Elec- 
tric Arc Welding, by J. F. Lincoln. 
4. Troubles Encountered ап the Opera- 
Hon of Carbon Brushes on D-C. 
Generators and Motors, by E. H. 
Martindale. 
2:00 P.M. 
. Fracttonal Horse-Power Motor Load, 
by Bernard Lester. 
6. Factors Involved іп Motor Applica- 
tions, by D. B. Rushmore. 


л 
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Pittsburgh Meeting, April 
15-16, 1915 


А two-day meeting of the Institute is 
to be held in Pittsburgh, Pa., April 15 
and 16, 1915, under the auspices of the 
Industria] Power Committee and the 
Pittsburgh Section. The program for 
this meeting will be published in the 
April PROCEEDINGS. 


Third Midwinter Convention, 
New York, February 17-19, 
1915 


The third Midwinter Convention of 
the Institute, held at the Institute 
headquarters, Engineering Societies 
Building, New York, was opened on 
Wednesday morning, February 17, 
with an introductorv address by Presi- 
dent P. M. Lincoln, and closed with the 
session on Friday afternoon, February 
19. The sessions were held in the 
auditorium. Тһе technical papers, cov- 
ering a variety of subjects, including 
papers secured by the Committees on 
Transmission, Electrophvsics, Electric 
Lighting, and Use of Electricity in 
Marine V'ork, were presented without 
deviation from the program published 
in the February PROCEEDINGS. 

The total registered attendance at 
the convention was 464, of which num- 
ber 378 were members of the Institute. 

Following the technical sessions Wed- 
nesday morning and afternoon, the ses- 
sion on Wednesday evening was devoted 
to a discussion of '' The Status of the 
Engineer." The opening address was 
presented bv Mr. Lewis B. Stillwell, 
and he was followed Бу Messrs. E. W. 
Rice, ]r., E. M. Herr, Alexander C. 
Humphreys, George F. Swain, Н. С. 
Stott and J. J. Carty. These addresses 
are to be published in a future issue of 
the PROCEEDINGS. 

On Thursday afternoon some 75 
members and guests were taken uptown 
in special motor buses and made an 
inspection trip through the new power 
station of the United Electric Light 
and Power Company, at 2015% Street 
and the Harlem River. They were 
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shown in groups through the entire 
plant. 

On Thursday evening a subscription 
dinner-dance was given in the grand 
ball-room of the Hotel Astor. About 
350 members and guests participated. 
Dancing began immediately after the 
dinner and continued until the early 
hours of the following morning. 

The technical session on Fridav morn- 
ing was devoted to the subject of the 
precipitation of fumes, smoke, dust, etc., 
by electrical means. Three papers were 
presented, after an opening address by 
Dr. F. C. Cottrell, in which he gave 
а historical sketch of the steps in the 
development of the art. Ап interest- 
ing feature of this session was the demon- 
stration of electrical precipitation bv 
experimental apparatus set up on the 
stage of the auditorium, in connection 
with the presentation of Mr. Linn 
Bradley's paper. Motion pictures were 
also exhibited, showing the operation 
of different installations described in 
the paper. 

The concluding session, on Friday 
afternoon, was taken up by the dis- 
cussicn on Prof. E. E. F. Creighton's 
paper on Electrical Porcelain. Mr. A. 
O. Austin presented lantern pictures 
illustrating tests of insulators and іп- · 
sulator parts. 


Directors’ Meeting, New York, 
February 19,1915 


The regular monthly meeting of the 
Board of Directors of the Institute 
was held at Institute headquarters, 
New York, on Fridav, February 19, 
1915, at 4:30 p.m. 

There меге present: President P. 
М. Lincoln, Pittsburgh, Ра.; Past- 
President С. О. Mailloux, New York; 
Vice-Presidents H. H. Barnes, Jr., New 
York, М. W. Storer, Pittsburgh, Pé., 
and Farley Osgood, Newark, N. J.; 
Managers C. A. Adams, Cambridge, 
Mass., J.Franklin Stevens, Philadelphia, 
Pa., William B. Jackson, Chicago, Ill., 
William McClellan and А.5. McAllister, 
New York, L. T. Robinson, Schenectady, 
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N. Y., Frederick Bedell, Ithaca, N. Y., 
John H. Finney, Washington, D. С.; 
Treasurer George A. Hamilton, Eliza- 
beth, N. J.; and Secretary F. L. Hutch- 
inson, New York. 

The action of the Finance Committee 


in approving monthly bills amounting. 


to $9,391.23 was ratified. 

Upon the recommendation of the 
Board of Examiners, the Board of 
Directors transferred one Associate to 
the grade of Member, elected four appli- 
cants as Members and 108 as Associates, 
and ordered the enrolment of 109 stu- 
dents, in accordance with the lists print- 
ed in this issue of the PROCEEDINGS. 

The Meetings and Papers Committee 
reported progress on the arrangements 
for the Institute meetings to be held 
in Cleveland, Ohio, March 18-19, and 
Pittsburgh, Pa., April 15-16, under the 
auspices of the Industrial Power Com- 
mittee, with the cooperation of the 
Cleveland and Pittsburgh | Sections, 
respectively. 

The Secretary announced the ap- 
pointment of the following represen- 
tatives and 
President since the last meeting: 

Professor Р. Н. Daggett, representa- 
tive of the Institute at the inauguration 
of Edward Kidder Graham as President 
of the University of North Carolina, 
Chapel Hill, N. C., April 21, 1915. 

Mr. Wilfred Sykes and Mr. H. H. 
Clark, delegates to attend the meeting 
of the American Institute of Mining 
Engineers, February 16-18, 1915. 

Panama-Pacific Convention Com- 
mittee: W. W. Briggs, Chairman, A. 
H. Babcock, H. H. Barnes, Jr., A. M. 
Hunt, A. Jones, H. A. Lardner, 
L. Т. Robinson, Harris J. Ryan, 
George F. Sever, J. T. Whittlesey, and 
C. J. Wilson. 

' The Secretary announced the appoint- 
ment by the President of the following 
as members of the Tellers Committee 
to canvass and count the nomination 
and election ballots for Institute officers 
for 1915-1916, as provided in the con- 
stitution: Frederick Borch, Chairman, 
R. C. Darrow, Harry B. Hammond, 


committeemen by the. 
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W. S. Hoyt, C. A. Rohr. These ap- 
pointments were confirmedby the Board. 

The Standards Committee reported 
that at the last meeting of the com- 
mittee, held on January 30, 1915, it 
was deemed desirable to send two dele- 
gates to London to confer with the 
British Engineering Standards Com- 
mittee before the adoption of their 
rules, which it was understood were 
to be adopted in the near future. 
The object of the conference is to elim- 
inate, if possible, any material out- 
standing difference between the elec- 
trical engineering standardization rules 
of Great Britain and of America, in 
the interest of engineering standard- 
ization. Messrs. H. M. Hobart and 
C. E. Skinner were unanimously chosen 
as the committee's representatives, and 
in view of the desirability of immediate 
action, President Lincolnappointed these 
delegates, subject to ratification by 
the Board. Тһе Board voted unan- 
imously to confirm these appointments. 

А considerable amount of other 
business was transacted by the Board, 
reference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


Guide for Preparing Technical 
Papers 


BY D. D. RUSHMORE 

There undoubtedly exists the neces- 
sity for some more or less detailed direc- 
tions concerning the points to be con- 
sidered in the preparation of papers for 
professional socicties. There are in 
the membership of such organizations 
a large number of young men who, 
either bv reason of education or of lack 
of practise, are not familiar with the 
best and easiest methods for the pro- 
duction of literary results and to whom 
such a guide would undoubtedly be of 
considerable assistance. "That there 
may be many older men who are in the 
same position need not be discussed. 

In connection with the work of one 
of the technical committees an effort 
has been made to develop such a guide, 
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but its usefulness would not be limited 
to any committee or to any society. 

In order to obtain the best results it 
has been the desire to bring together 
as many suggestions and to focus as 
much discussion on this as possible, 
and with this 1dea a tentative outline, 
which has already been circulated 
within narrow limits, is published here- 
with, with the request that all criticisms 
and suggestions upon it will be wel- 
comed bv the writer, who is desirous 
of having this matter in shape before 
the end of the administrative vear. 


SUGGESTIONS FOR THE PREPARATION 
OF A PROFESSIONAL PAPER, AND PRIN- 
CIPLES INVOLVED IN TECHNICAL 
WRITING 
Occasion for Writing. 

Class of Readers. 

Lav men. 

Specialists. 

Classification of Engincering Writing. 

Description. 

Narration. 

Exposition. 

Directions. 

Criticism. 

Argument. 

General Principles. 

Accuracy. 

Completeness. 

Length and Economy. 

Preparation. 

Outline and Synopsis. 

Collection of Data and Illustrations. 

Investigations regarding preceding 
publications on the same subject. 

References and credit to previous 
authors. 

Outline of Paper. 

Title (Suggesting the Subject.) 

Summary or Abstract. (Brief ab- 
stract of the main features of the 
paper.) 

Introduction. (Definition of the 
subject to be written up so as to 
give the reader a clear understand- 
ing of the subject which the paper 
is to cover.) 

Body. (Solution of the problem. 
Should include all parts or points 
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which would be advantageous for 
the reader to consider.  Descrip- 
tion of cach part and explanation of 
the relation of the parts to each 
other.) 

Conclusion. (Should include a brief 
summary of the points which in the 
body of the paper were brought 
out in detail. Suggest some new 
useful propertv or application.) 

Bibliography. (On many subiects it 
is advantageous to give a list of 
references to previous articles on 
the subject.) 


—á 


Past Section Meetings 


Boston.—]anuarv 30, 1915, Audi- 
torium, Engineers Club. Subject: In- 
dustrial Power. Paper: “Industrial 
Power Applications," by D. B. Rush- 
more, illustrated by lantern slides. 
Attendance 80. 

Chicago.— January 25, 1915. Subject 
Electric Railways. Paper: “Есопо- 
mies in Power Consumption in Electric 
Railways," by М. W. Storer. Joint 
meeting with Western Society of En- 
gineers. Attendance 80. 

Cleveland.— January 20, 1915, Cleve- 
land Telephone Building. Subject: 
Telephony. Paper: "The Telephone 
and Its Development,” by N. Anderson. 
Inspection of exchange of Cleveland 
Telephone Company. Attendance 62. 

Detroit-Ann Arbor.— Januarv 15,1915, 
Engineering Building. Paper: “Тһе 
Growth of a Modern Utility," by J. D. 
Gordon, illustrated by moving pictures. 
Attendance 60. 

January 29, 1915, Detroit Engineer- 
ing Society Club Room. Paper: "Shaw- 
inigan Falls Power Development," by 
T. J. MacKavanagh, illustrated with 
lantern slides. Attendance 50. 

Fort Wayne.—January 29, 1915, 
Commercial Club. Address by Mr. 
Е. S. Myers on “Тһе Indiana Utilities 
Commission and Its Effect on the 
Central Station." Attendance 12, 

Indianapolis-Lafayette.— January 15, 
1915, Indianapolis, Ind. Address by 
Mr. В. F. Miessner on "Selenium, Its 


19151 


Applications and Possibilities іп Elec- 
trotechnics," followed by demonstra- 
tion of the uses of the selenium cell. 
Attendance 101. 

Los Angeles.—January 19, 1915, 
Chamber of Commerce. Paper: “Тһе 
Diesel Engine,” by Walter H. Adams. 
Attendance 72. 

Lynn.— January 23,1915, New Ameri- 
can House, Boston. Fourth Annual 
Banquet of Lynn Section. Short ad- 
dresses by President Р. М. Lincoln, 
Mr. H. A. Hornor, Prof. Elihu Thom- 
son, and Prof. C. A. Adams, followed 
by address on ‘Neutrality’ by Prof. 
Albert Bushnell Hart. Attendance 161. 

February 3, 1915, General Electric 
Works, West Lynn. Lecture by Major 
J. A. Shipton, U. S. A., on “А Modern 
Army in the Field," describing in de- 
tail various features of military opera- 
tions. Attendance 410. 

Minnesota.— January 28, 1915. Ra- 
disson Hotel, Minneapolis. Address 
by Mr. Chas. L. Pillsbury on “Public 
Utilities Valuation and Principles En- 
tering into Rate Making." Attend- 
ance 150. 

Panama.—January 24, 1915. Balboa 
Heights. Discussion of questions re- 
lating to electrical features of canal. 
Attendance 30. 

Philadelphia.— January 20, 1915, 
Franklin Institute. Subject: Railway 
Electrification. Paper: ''Conditions Af- 
fecting the Success of Main Line 
Electrifcation," by W. S. Murray. 
joint meeting with the Franklin In- 
stitute. Attendance 300. 

Pittsburgh.— January 12, 1915. Oliver 
Building. Lecture by Dr. Saul Dush- 
man on “Кесепі Views on Matter апа 
Energy,” illustrated with lantern slides 
and experiments. Attendance 175. 

Pittsfield.— January 29, 1915. Hotel 
Wendell. Paper: ''Modern Theories 
of Electricity," by Dr. Irving Langmuir. 
Attendance 70. 

Portland.—February 2, 1915. Paper: 
“Тһе Load Dispatching System of the 
Portland Railway, Light and Power 
Company," by К. К. Robley. Attend- 
ance 40. 
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Rochester.— January 22, 1915. Pa- 
per: "Automatic Block Signals on the 
Rochester Suburban Lines of the 
New York State Railways," by C. L. 
Cadle. Attendance 50. 

San Francisco.— January 22, 1915, 
Native Sons Hall. Subject: Rate Con- 
trol. Paper: “Тһе Best Control of 
Public Utilities," by Frank G. Baum. 
Joint meeting with N. E. L. А. Attend- 
ance 100. 


Schenectady.— January 19, 1915, 
Edison Club Hall. Paper: - ‘‘Recent 
Developments with X-Rays," by W. 
D. Coolidge; paper illustrated with 
lantern slides and experiments. At- 
tendance 245. 

February 2, 1915, Edison Club Hall. 
Paper: “Тһе Physical Chemistry of 
the Blood." Attendance 200. 


Seattle.—]January 25, 1915, Central 
Building. Papers: (1) “Тһе Distri- 
bution System of the City of Tacoma,” 
by B.W. Collins; (2) “Тһе Underground 
D-C. Distribution System of Seattle," 
by Mr. Hoge; (3) “Тһе Underground 
A-C. Distribution System of the Munic- 
ipal Lighting Company in Seattle,” 
by W. J. McKeen; (4) “А 13,000-Volt 
Distribution System," by E. J. Beery. 
Attendance 36. 

Spokane.— December 18,1915, Cham- 
ber of Commerce Building. Papers: 
(1) “Тһе Electrical Features of the 
Panama Canal," by D. B. Rushmore; 
(2) “боте Features of the Practical 
Operation of  High-Tension Substa- 
tions," by J. P. Byron. Attendance 33. 


St. Louis.— December 9, 1915, En- 
gineers Club. Meeting was devoted to 
a discussion of the new A. I. E. E. 
Standardization Rules. Attendance 38. 

January 13, 1915, Engineers Club. 
Paper: “Тһе Manufacture and Use of 
Efficiency Instruments," by John W. 
Esterline. Attendance 29. 


Toledo.—February 3, 1915, Toledo 
Commerce Club. Address by Mr. W. 
A. Hill on "Application of Electricity 
to Industrial Plants," with special ref- 
erence to the automobile industry. 
Attendance 19. 
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Urbana.—January 21, 1915, Elec- 
trical Laboratory, University of 
Illinois. Illustrated address by Mr. A. 
D. Bailey on “Increasing Importance 
of Coal in the Manutacture of Elec- 
trical Energy." Attendance 90. 

Washington.— January 12, 1915, Cos- 
mos Club Hall. Subject: Railway Elec- 
trification. Paper: “Electric Railways," 
by John F. Layng. Attendance 47. 
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Past Branch Meetings 


Arkansas  University.— January 18, 
1915. Illustrated lecture on “Тһе Manu- 
facture of Portland Cement." Attend- 
ance 14. 

University of Cincinnati.— January 
19, 1915. Address by Mr. Gregory 
Brown on “The Use of the Telephone 
in Train Dispatching and Railway 
Signaling." Attendance 55. 

Colorado State Agricultural College. 
—January 18, 1915, Electrical Build- 
ing. Papers: (1) “Тһе Operation of 
High-Voltage Systems,” by Mr. Ed- 
mondson; (2) 'Hydroelectric Develop- 
ment at Keokuk, Iowa," by Mr. Smith. 
Attendance 11. 

Georgia School of Technology.— 
December 22, 1914, Electrical Build- 
ing. Paper: ‘Incandescent Lighting," 
by W. M. Rosborough. Attendance 37. 

Highland Park College.— January 6, 
1915. Main Building. Address by Mr. 
Clyde Prussman on ''Relative Advan- 
tages of Direct Current and Alterna- 
ting Current for Transmission." At- 
tendance 23. | 

January 20, 1015, Main Building. 
Paper: “Тһе Power Plant and Dam at 
Keokuk, Iowa," by E. B. Williams. 
Attendance 22. 

University of Iowa.—]January 21, 
1915, Physics Hall. Paper: ''Some 
Applications of Electricity in Metal- 
lurgy," by A.W. Hixson. Attendance 18. 

University of Kansas.—January 25, 
1915. Address by Mr. Barnes on ''The 
Motor in the Oil Fields," illustrated 
with lantern slides. Attendance 30. 

State University .of Kentucky.— 
February 4, 1915, Mechanical Hall. 


[ March 


Paper: “Масһіпе Tools and General 
Motor Applications,” by F. H. Herzsch. 
Attendance 41. 


Lafayette College.— January 21, 1915, 
Pardee Hall. Papers: (1) “Graphic 


Meters; Their Types and Uses," by Mr. 


Jefferson; (2) “Тһе Grounded Neutral; 
When, Why, and How," by P. M. Lee: 
(3) ‘‘Multivoltage D-C. Systems of 
Control for Machine Tool Drive," by 
W. J. English. Attendance 22. 


University of Michigan.— January 7, 
1915, Engineering Building. Stere- 
opticon lecture on ''Shawinigan Falls 
Power House," by Ass't. Prof. T. J. 
MacKavanagh. Attendance 30. 

January 21, 1915, Engineering Build- 
ing. Illustrated lecture on “The Uses 
of Electricity in Steel Mills," by F. 
R. Fishback. Attendance 50. 


University of Missouri.— January 11, 
1915, Engineering Building. Paper: 
"Electrical Processes," by L. P. Boll. 
Attendance 18. 


Montana State College.— January 19, 
1915, Lyric Theatre. Moving pictures 
of the Butte, Anaconda and Pacific 
Railroad electrification and of the 
works of the General Electric Com- 
pany. Attendance 156. ' 


North Carolina College of Agri- 
cultural and Mechanical Arts.—West 
Raleigh, N.C. Papers: (1) “Wireless 
Communication as Applied to Rail- 
road Lines;" (2) “Тһе Edison Nickel- 
Iron Storage Battery." Attendance 25. 


January 26, 1915. Abstract of en- 
gineering articles, by Messrs. Jeffers, 
Robinson and Baker. Attendance 25. 


February 9, 1915. Demonstration of 
the Duddell oscillograph, by Pro- 
fessor Browne. Attendance 28. 


Ohio Northern University.— January 
27, Hill Memorial. Papers: (1) “ Elec- 
tric Locomotive Design," by Н. M. 
Downing; (2) ‘‘Modern Wireless," by 
W. L. Riggin. Attendance 18. 


University of Oklahoma.— January 
20, 1915, Engineering Building. Papers: 
"Electrical Development in 1914," by 
A. M. Brown; “Rural Electricity," 
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by C. M. Mackey; “Lord Kelvin," 
by Mr. Freeman. Attendance 17. 

University of Pittsburgh.— January 
21, 1915, Thaw Hall. Election of 
officers as follows—chairman, G. W. 
Flaccus; vice-chairman, H. H. Tinch; 
Secretarv-treasurer, К. С. Zindel. At- 
tendance 16. 

Stanford University. January 24, 
1915, Engineering Building. Hlustrated 
address by Mr. Е. 5. Mulock on “Тһе 
Big Сгеек Development of Southern 
California." Attendance 10. 


University of Texas.—]anuary S, 
1915. Papers: (1) “History and Organ- 
ization of the A. I. E. E., and Sugges- 
tions for Conducting the Branch Meet- 
ings," bv J. M. Bryant; (2) “Тһе 
Austin Dam," by L. N. Zant. Attend- 
ance 17. 

University of Virginia.— January 19, 
1915, Engineering Building. Election 
of officers as follows—Chairman, Walter 
S. Rodman; secretary, Allen W. Wright; 
executive committee, Walter S. Rod- 
man, Charles H. Chandler, Jr., and 
Thomas C. Ritchie. Attendance 8. 

February 2, 1915, Mechanical Lab- 
oratory. Paper:  ''Developments in 
the Electrical Field during 1914,” 
by Walter S. Rodman. Attendance 10. 


Washington University.— January 14, 
1915, Cupples Hall. Paper: “Тһе Watt- 
Hour Meter," by Mr. Bradshaw. At- 
tendance 32. 

West Virginia University.— January 
7, 1915, Mechanical Hall. Address on 
"Some Recent Developments in the 
Field of Electricity," by Vladimir 
Karapetoff. Demonstration of electro- 
mechanical equipment of Mechanical 
Hall. Attendance 189. 

February 5, 1915, Mechanical Hall. 
Papers: (1) “Тһе Transcontinental 
Telephone System," by J. D. Gordon; 
(2) “Тһе Growth of a Public Utility,” 
by J. D. Gordon. Papers were illus- 
trated by moving pictures. Attend- 
ance 118. 


Yale University. January 15, 1915. 
Paper: “Telephone Engineering," by 
Е. Н. Everit. Attendance 130. 


efor Brazil 
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Personal 


MR. E. M. BREED, who for the past 
eight years has been district manager 
of the Canadian Allis-Chalmers Com- 
panv, Ltd., with headquarters at Van- 
couver, has been appointed district 
manager of the Pelton Water Wheel 
Company. Не will continue his head- 
quarters at Vancouver. Previous to 
his connection with the Canadian Allis- 
Chalmers Companv, Mr. Breed was 
with the sales force of the Canadian 
Westinghouse Companv at Montreal. 


MR. EDUARDO DE А. BRAGA, who has 
been in this country for more than a 
year past as special delegate of the 
Ministry of Agriculture and the Min- 
istry of Public Works of Brazil, sailed 
on February 11. After 
making his formal report, Mr. Braga 
wil act as the representative in Rio 
de Janeiro of the United States Pur- 
chasing Corporation, Woolworth Build- 
ing, New York. He will be prepared 
to make reports on the possibilities of 
marketing American-made goods, with 
special attention to electrical equip- 
ment. 


Mr. A. B. SAURMAN, who has been 
for the past twelve years Pacific coast 
manager of the Standard Underground 
Cable Company, has been appointed 
Southeastern manager of the company 
(succeeding the late Mr. T. E. Hughes), 
with headquarters in Philadelphia, and 
will return East early in the spring. 
Mr. Saurman has been connected with 
the company for over 21 vears. He 
will be succeeded as Pacific coast man- 
ager by Mr. John P. Bell, who for the 
past eight years has been located in 
Pittsburgh as assistant secretary and 
treasurer of the company. 


Obituary 


Cyrus FocGG BRACKETT, professor 
emeritus of physics in Princeton Uni- 
versity, died on January 29, 1915, in 
Princeton. Dr. Brackett was born at 
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Parsonfield, Maine, June 25, 1833. He 
was graduated from Bowdoin College 
in 1859, and four years later received 
the degree of М; D. From 1863 to 
1864 he was instructor of chemistry at 
Bowdoin, and professor from 1864 to 
1873. Subsequently he was professor 
at Princeton for thirty-five years. 
Since 1908 he had been professor emeri- 
tus. Не wasa recipient of the honorary 
degree LL.D. from Lafayette, Bowdoin 
and Princeton. Dr. Brackett was one 
of the early members of the Institute, 
and served as Manager for the term 
1886-89. 


H. Warp LEONARD, the well-known 
electrical engineer and inventor, founder 
of the Ward Leonard Electric Company, 
Fellow of the Institute, died suddenly 


іп the evening of February 18, while, 


he was attending the Institute dinner 
at the Hotel Astor, in connection with 
the Midwinter Convention. His wife 
and sister were with him at the dinncr. 
Mr. Leonard had left the banquet hall, 
and his death occurred while he was 
іп an anteroom. It was the earnest 
wish of Mrs. Leonard that no word of 
the sad news should reach the other 
guests. In fact the guests, almost 
without exception, did not learn of 
Mr. Leonard's death until the next 
morning. 

H. Ward Leonard was born at Cin- 
cinnati, Ohio, February 8, 1861. He 
was graduated from the Massachusetts 
Institute of Technology in 1883, and 
in the following year became asso- 
ciated with Thomas А. Edison as one 
of his staff of four engineers engaged 
in installing the Edison central station 
systems. In 1887 Mr. Leonard became 
general superintendent of the Western 
Electric Light Company at Chicago, 
and during the following two years 
was senior partner of the firm of Leonard 
and Izard, of Chicago, and in this con- 
nection made many important in- 
stallations of central station and elec- 
tric railway plants in various parts of 
the United States. In 1889 the firm 
was bought out by the parent Edison 
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interests, and Mr. Leonard became 
general manager of the light and power 
department of the combined Edison 
interests for the United States and 
Canada, with headquarters in New 
York. In 1891 he resigned to estab- 
lish his own independent manufactur- 
ing business, which is still operating 
as the Ward Leonard Electric Com- 
pany, at Bronxville, New York. It 
was in this year that he completed the 
invention of his system of motor con- 
trol, and in 1892 his multiple voltage 
svstem. Since then patents had been 
issued to him on more than one hundred 
important inventions, a great body of 
inventive work which is well known to 
all electrical engineers. Іп 1903 the 
Franklin Institute conferred upon Mr. 
Leonard the John Scott Medal for work 
in electrical research. He was also 
awarded gold medals at the Paris 
Exposition іп 1900 and the St. Louis 
Exposition in 1904. 

The Board of Directors, at its meet- 
ing on February 19, adopted the follow- 
ing resolutions as an expression of 
appreciation of Mr. Leonard’s services 
to the Institute: 


"Mr. Н. Ward Leonard, an honored Fellow 
and Life Member, became an Associate on 
july 12, 1887, since which time he steadíastly 
maintained his connection and interest in the 
Institute. He was elected a Manager in 1890. 
serving for the full term of three years. At 
the expiration of his term as Manager he was 
elected a Vice-President, in which office he 
continued to serve the Institute for the two 
years from 1893 to 1895. He also served on 
various committees, and at the time of his 
death was a member of the Edison Medal Com- 
mittee. He was transferred to the grade of 
Fellow on April 9, 1913. 

“Тһе Board of Directors recognizes that in 
the death of Mr. Leonard, the Institute and the 
engineering profession have sustained a great 
loss, and it extends its deep sympathy to the 
members of his family in their bereavement.”’ 


Recommended for Transfer, 
February 15,1915 


The Board of Examiners, at its 
regular monthly meeting on February 
15, 1915, recommended the following 
members of the Institute for transfer to 
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the grade of membership indicated. 
Any objection to these transfers should 
be filed at once with the Secretary. 


To GRADE OF MEMBER 
Hunt, FRED L., Chief Engineer, Tur- 
ners Falls Power and Electric Co., 
Greenfield, Mass. 
PIERCE, ARTHUR G., District Engineer, 


Cutler-Hammer Mfg. Co., Pitts- 
burgh, Pa. ° 
ZOGBAUM, FERDINAND, Engineer of 


Maintenance, New York, Westches- 

ter & Boston Ry., New York, N. Y. 
Transferred to the Grade of 

Member February 19, 1915 


The following Associate was trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board of 
Directors оп February, 1915. 
RUTTENCUTTER, А. T., Electrical En- 

gineer, Rio de Janeiro Tramway, 

Light & Power Co. Ltd., Rio de Jan- 

eiro, Brazil. 


Members Elected February 
19, 1915 

ARSEM, WILLIAM C., Chemical Engi- 
neer, Research Laboratory, General 
Electric Co., Schenectady, N. Y. 

EMRICK, PAUL S., Instructor in Electri- 
cal Engineering, Purdue University, 
Lafayette, Ind. 

LAWSON, JAMES T., Chief Operator, 
Public Service Electric Co., Broad & 
Bank Sts., Newark, N. J. 

WILSON, EVERITT WycHE, General 
Superintendent, R. W. Hebard & Co. 
Inc., 117 Ave. B., Panama, R. P. 


Associates Elected February 
19, 1914 


*ADAM, EDWARD N., Melville, Montana. 

ARMSTRONG, JOHN W. F., Engineering 
Assistant, General Construction Dept., 
Pacific Gas & Electric Co., San 
Francisco, Cal. 

BEIL, EUGENE H., Manager of Light & 
Power, Mahoning & Shenango Ry. 
& Light Co.; res, 33 Williamson 
Ave., Youngstown, Ohio. 
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BENZ, CaRL D., Secretary to General 
Manager, Pacific Light & Power 
Corp., 633 Pacific Electric Bldg., 
Los Angeles, Cal. 

*BossHART, Harry J., Power Station 
Operator, Pacific Gas & Electric Co., 
Nevada City, Cal. 

*BRADLEY, HAROLD H., Electrical Op- 
erator, Kern River Substation, Pacific 
Light & Power Corp.; res., 210 So. 
Flower St., Los Angeles, Cal. 

BRINK, HARRISON S., Assistant Elec- 
trical Engineer, Signal Service, Pan- 
ama Canal, Balboa Heights, C. Z. 

Burr, Совромх A., Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh; res., 419 Biddle Ave., 
Wilkinsburg, Pa. 

Встілм, CHARLES A., Telegraph Engi- 
neer; res., Hotel America, 102 E. 15th 
St., New York, М.Ү. 

*CASE, CHARLES D., Instructor іп 
Electrical Engineering, De Pauw Uni- 
versity; res., 1024 Belden Ave., 
Chicago, ПІ. 

*CHANEY, LEONARD P., Chief Engineer, 
Texas City Transportation Co.,Power 
House, Texas City, Tex. 

CHOKSEY, KHURSHED P., Superinten- ' 
dent of Sub-Stations, Calcutta Elec- 
tric Supply Corp.; res., 96 Princess 
St., Calcutta, India. 

CLARK, J. ROWLEY, Construction Super- 
intendent, James J. Phillips Co., 
Rochester; res., Irondequoit, N. Y. 

Coney, A. E., Superintendent, Meter 
Dept., City Electric Co., San Fran- 
cisco; res., 2028 Clinton Ave., Ala- 
meda, Cal. 

CouPER, HAROLD W., Engineering 
Dept., Wagner Electric Mfg. Co.; 
res., 3857a De Tonty St., St. Louis, 
Mo. 

Covey, G. STANLEY, Electrical Me- 
chanic, Washington Water Power Co., 
Spokane, Wash. 

CowaRD, О. L., Sales Agent, General 
Electric Co., 609 Colman Bldg., 
Seattle, Wash. 

CROCKETT, ALBERT S., Electrical En- 
gineering Dept., General Electric Co. ; 
res., 24 Baker St., Lynn, Mass. 
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CrosBy, GEORGE L., Sales Manager, 
Roller-Smith Co., 203 Broadway, 
New York, N. Y. 

*Davip, BRUCE WILLIAM, Electrical 
Engineer, Lincoln Electric Со.; res., 
1628 E. 70th St., Cleveland, O. 

Davis, ERNEST W., Electrical Engineer, 
Simplex Wire & Cable Co., Cam- 
bridge, Mass. 

*DEANS, WILLIAM, JR., Instructor, Elec- 
trical Engineering, Cornell Univer- 
sity; res., 420 Eddy St., Ithaca, N. Y. 

DE LA Rosa, JOHN С., Student, New 
York Electrical School; res., 133 W. 
132nd St., New York, М. Y. 

EDGECOMB, HENRY R., Research En- 
gineer, Westinghouse Electrical & 
Мір. Co., East Pittsburgh, Pa. 

EICHELBERGER, CHESTER G., Com- 
mercial Engineer, Union Gas and 
Electric Co., Cincinnati, Ohio. 

EiLERS, HENRY, Junior Electrical En- 
gineer, Public Service Commission, 
Ist District, 154 Nassau St, New 
York, N. Y. 

*EULER, HENRY J., Experimental Test- 
ing, Cutler-Hammer Co., 144th St. 
& So. Boulevard; res., 383 East 136th 
St., New York, М. Y. 

*FICKEL, GLENN R., Engineer, Service 
Dept., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 

Fitz, ARTHUR EDWARD, Chief Elec- 
trician, Draycott Mills Co., New 
Hartford, Conn. 

FujiTA, TSUNESADA, Technical Adviser, 
Han-Yeh-Ping Steel & Coal Co., 
Shanghai, China. 

GARDINER, GLEN K., Telephone En- 
gineer, Pacific Telephone and Tele- 
graph Co., 1103 Telephone Bldg., 
Portland, Ore. 

GEIGER, JAMES M., Operator, Panama 
Canal, Gatun, C. Z. 


GHOSE, MANORANJAN, Standardizing 
Laboratory, General Electric Co., 
Schenectady, N. Y. 

"GRAHAM, FpwaRp B., Commercial 


Engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 
GREENLEAF, MyYNDRET C., Solicitor, 
Monroe Gas, Light & Fuel Co., 

Monroe, Mich, 
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*GRISWOLD, LESTER E., Illuminating 
Engineer, Store Lighting Dept., Mac- 
beth-Evans Glass Co., 828 Wabash 
Bldg., Pittsburgh, Pa. 

*GROWER, Roy WILLIAM, Assistant 
Superintendent, Bureau of Gas and 
Electricity; res., 229 Merriman Ave., 
Syracuse, N. Y. 

*GRUEN, E. C., Assistant Professor, 
Department of Drawing, Georgia 
School of Technology, Atlanta, Ga. 

*GUILLOU, ALFRED V., Sales Engineer, 
Pacific Light & Power Corp.; res., 
1001 S. Burlington Ave., Los Angeles, 
Cal. 

*HARDEN, WILLIAM H., Engineering 
Dept., American Telephone & Tele- 
graph Co., New York; res., 1121 
Bedford Ave., Brooklyn, М. Y. 

"HEALD, WALLACE S., Electrical En- 
gineer, Mississippi River Power Co., 
Keokuk, Iowa. x 

HEISING, RAYMOND А., Research Labor- 
atory, Western Electric Co., 463 
West St., New York, N. Y. 

HERRMAN, HENRY, Manager, Metals 
Dept., Ft. Wayne Electric Works of 
General Electric Co., Ft. Wayne, 
Ind. 

Нил, WILLIAM C., Secretary, Benolite 
Co., 331 Fourth Ave., Pittsburgh, Pa. 

HosrFELD, Davip C., Plant Supervisor, 
Diamond State Telephone Co., 6th 
& Shipley Sts., Wilmington, Del. 

HOovLAND, HENRY, Telephone Engineer, 
Western Electric Co., New York, 
N. Y.; res.; 50 5. 20th St., E. Orange, 
N. J. 

Howe, JESSE W., Electrician Foreman, 
Iowa Railway & Light Co., Cedar 
Rapids; res., 405 Marshall St., Boone, 
Iowa. 

ISRAEL, LEsTER'L., Expert Radio Aid, 
United States Navy; res., 106 W. 
69th St., New York, N. Y. 

JoHNSON, ARTHUR, Draftsman, Engg. 
Drawing Office, General Electric 
Co., Witton; res., 22 Dolman Rd., 
Aston Manor, Birmingham, England. 

*KELLER, LLoyp MARLEY, Engineering 
Dept., Rochester Railway & Light 
Co., 34 Clinton Ave. N., Rochester, 
N. Y. 
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LEIPOLDT, Емді V., Electrical Engi- 
neer, Chile Exploration Co., 165 
Broadway; res., 202 W. 92nd St., New 
York, N.Y. 

LENNON, ROBERT J., Jr., Electrician, 
.Rochester Railway & Light Co.; 
res., 386 Lake View Pk., Rochester, 
N. Y. 

*LEONARD, LyNN R., Instructor іп 
Electrical Engineering, University of 
Colorado; res., 1624 Hill St., Boulder, 
Colo. 

*MAGEE, JOHN W., Sales Apprentice, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh; res., 431 Rebecca Ave., 
Wilkinsburg, Pa. 

*MANLEY, ROWLAND, Substation Oper- 
ator, Sanitary District of Chicago; 
res., 3820 Cornelia Ave., Chicago, Ill. 

MAURICE, R., Manager and Electrical 
Superintendent, Selkirk Municipal 
Light & Power Dept., Selkirk, Man. 

*MELCON, SisaG V., Electrician, Phoe- 
nix Construction Co., Phoenix, Idaho. 

*MELCON, ZENOPE P., Power House 
Operator, Pacific Light & Power 
Corp., Power House No. 2, Big 
Creek, Cal. 

MELILLO, ROGUE, Student, New York 
Electrical School, 39 W. 17th St., 
New York, N. Y. 

MEYER, JOHN W., Engineer, Com- 
mercial Dept., Philadelphia Elec- 
tric Co.; res., 6420 Woodland Ave., 
Philadelphia, Pa. 

MILLER, HARRY N., Secretary, Mc- 
Naughton-McKay Electric Co., 70 
Jefferson Ave., Detroit, Mich. 

Moore, LEONARD J., Chief Load 
Dispatcher, San Joaquin Light & 
Power Corp.; res., 1015 “O” St., 
Fresno, Cal. 

*MCBRIDE, FRANCIS R., Student, Uni- 
versity of Oregon; res., 487 E. 23rd 
St. N., Portland, Ore. 

McDoNarp, GEORGE R., Line and 
Construction Foreman, Sierra and 
‚бап Francisco Power Co.; res., 184 
Clinton Park, San Francisco, Cal. 

McKenziz, D. A., Meter Inspector, 
Hydro-Electric Power Commission; 
res., 1609 Queen St. West, Toronto, 
Ont. 
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*NICNAIR, JAMES S., Washington Water 
Power Co.; res., 234 Park Place, 
Spokane, Wash. 

NELSON, NORMAN C., Overhead Dis- 
tribution Engineer, City Light Dept., 
Prefontaine Bldg., Seattle, Wash. 

*O'’CONNELL, JOHN J. F., Adirondack 
Electric Power Corporation, Glens 
Falls; res., 172 4th St., Troy, N. Y. 

OLps, ROBERT RUSSELL, Superinten- 
dent, Electrical Dept., Belding Bros, 
& Co., Belding, Mich. 

PEARL, ALLEN S., Secy. and Treas., 
Delta-Star Electric Co., Chicago; res., 
1516 S. Sixth Ave., Maywood, Ill. 


RansoM, Lewis LEE, Asst. Supt., 
Construction Dept., The Mainte- 
nance Co.; res., 530 W. 166th St., 


New York, №. Y. 

RIPLEY, CHARLES S., District Manager, 
Roller-Smith Co., 711 Williamson 
Bldg., Cleveland, Ohio. 

“Коск, CHALMERS R., Electrical Super- 
intendent, Stow Manufacturing Co., 
Binghamton, N. Y. 

*RoGERs, Asa LEROY, Junior Engineer, 
George F. Hardy, 309 Broadway, 
New York, N. Y. 

ROOKER, GEORGE N., Manager, North- 
ern Idaho & Montana Power Co., 
Standpoint, Idaho. 

RoscH, SAMUEL J., Cable Tester, 

Safety Insulated Wire & Cable Co., 
Bayonne, N. J. 

RuFF, ADOLPH G., Electrical Draughts- 
man, Ballinger & Perrot; res., 1327 
Porter St., Philadelphia, Pa. 

SAMPSON, EpGAR R., Designing En- 
gineer, Westinghouse Electric & Mfg. 
Co., E. Pittsburgh; res., 1028 South 
Ave., Wilkinsburg, Pa. 

*SCHENCK, CHESTER, Switchboard At- 
tendant, Milwaukee Electric Railway 
& Light Co.; res., 146 Martin St., 
Milwaukee, Wis. 

*SCHUMANN, JOHN H., Edison Illumina- 
ting Co. of Detroit; res., 451 Garland 
Ave., Detroit, Mich. 

*SELTZER, Davip, Electrical Tester, 
Westinghouse Electric & Mfg. Co.. 
East Pittsburgh, Pa. 

*SERVICE, JERRY HALL, Instructor, 
State High School, Stephen, Minn. 
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*SHEPPARD, Harry $., Instructor іп 
Electrical Engineering, University of 
Michigan, 109 New Engg. Bldg., 
Ann Arbor, Mich. 

SHIRE, WILLIAM J., Salesman, Roller- 
Smith Co., New York; res., 1216 
Vine St., Richmond Hill, N. Y. 

SHUEY, OLvN R., Electrical Engineer, 
West Virginia Pulp and Paper Co., 
Piedmont, W. Va. 

*SIMON, RICHARD J., Engineer, Trans- 
former Div., Westinghouse Elec. & 
Mfg. Co.; res., 1906 Lowrie St., 
Pittsburgh, Pa. 

SLINGMAN, T. D., District Manager, 
Chicago Pneumatic Tool Co., 2nd 
and Amsterdam Ave., Detroit, Mich. 

*SMITH, CLINTON D., Traffic Investiga- 


tor, Public Service Railway Co., 
Newark; res, 120 Chestnut St., 
Kearny, М. J. 


*SMITH, RussEL Н., General Power 
Tester, Penn Central Light & Power 
Co.; res., 2003 8th Ave., Altoona, Pa. 

Snow, WILLIAM JAMES, Electrical Op- 
erator, Interborough Rapid Transit 
Co., 74th St. Power Station, New 
York; res., Crestwood, Yonkers, N.Y. 

*SOENGEN, GERALD W., Electrical En- 
gineer and Contractor, Kirkwood, Mo. 

STAUFFACHER, EDWIN R., Asst. Power 
Engineer, Southern California Edison 
Co., Los Angeles; res., 421 Orange 
Grove Ave., Glendale, Cal. 

STEPHENS, Roy E., Chief Electrician, 
FollansbeeBros.Co.,Follansbee, W.Va. 

*STEVENS, PAUL S., Statistician, Union 
Electric Light & Power Co.; res., 
5269 Vernon Ave., St. Louis, Mo. 

*STICHT, ALFRED E. J., Student, Rens- 
selaer Polytechnic Institute, Troy, 
N. Y. 

*SroRY, ROLAND A., Telephone En- 
gineer, British. Columbia Telephone 
Co., Ltd.; res., 325 13th Ave. W., 
Vancouver, B. C. 

TANAKA, TaTsuo, Chief Engineer, Di- 
rect Current Designing Dept., Shi- 
baura Engineering Works, Kanasugi, 
Shiba, Tokyo, Japan. 

Тномав, W. R., Superintendent, Wen- 
atchee Valley Gas & Electric Co., 
Wenatchee, Wash. 
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TILLOTSON, CHARLES C., Chief Drafts- 
man, Montana Power Co., Electric 
Bldg., Butte, Mont. 

*WHIPPLE, CARL ARTHUR, Load Dis- 
patcher, Power Dept., Texas Power 
& Light Co., Hillsboro, Texas. 

*WHITAKER, DwIGHT A., Assistant 
System Operator, Public Service Co. 
of Northern Illinois, Evanston, ПІ. 

WHITE, WILLIAM COLLINS, Estimator, 
Cumberland Telephone and Tele- 
graph Co., Memphis, Tenn. | 

Wippows, RicHARD G., District Mana- 
ger, Electric Controller & Mfg. Co., 
50 Church St., New York, N. Y. 

WILKE, RUDOLPH C., Electrician, Wells 
Power Co., Milwaukee, Wis. 

WILSON, ALEXANDER, 3rd, Inspector 
(Construction), Philadelphia Elec- 
tric Co., 1000 Chestnut St., Philadel- 
phia, Pa. 

*WYATT, FRANCIS DALE, Engineer, 
Doherty Operating Co., 60 Wall St., 
New York, М. Y.; res., Columbus, 
Ohio. 

YAMAWAKI, МАЅАҮОЅНІ, Electrical En- 


gineer, Kinugawa Hydro-Electric 
Power Co., Marunouchi, Tokyo, 
Japan. 


ZIMA, орус A., Assistant Engineer, 
New York Railways Co., and In- 
terborough Rapid Transit Co., 600 
W. 59th St., New York, М. Y. 

Total 108 
*Former enrolled Students. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before March 31, 1915. 
Amberg, E. J., New Haven, Conn. 
Anderson, H. O., Conners Creek, Mich. 
Baker, С. R., Schenectady, N. Y. 
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Bitzer, O. F., New Haven, Conn. 
Brandt, W. Van C., Pittsburgh, Pa. 
Brooke, G. A., Jr., Philadelphia, Pa. 
Champagne, L. J., Los Angeles, Cal. 
Champion, C. H., New York, N. Y. 
Chung, D. M., Shanghai, China. 
Clark, W. A., E. Pittsburgh, Pa. 
Cowdrey, W. L., Superior, Wyo. 
Cunningham, W. J., Calgary, Alta. 
Curling, H. W., Toronto, Ont. 
Czarnecki, F. C., San Francisco, Cal. 


Dawson, H. L. (Member), Chicago, Ill. 


Dichman, E., Mare Island, Cal. 
Dobson, J. V., E. Pittsburgh, Pa. 
‘Edwards, G. L., Stayton, Ore. 


Einstein, А. C. (Fellow), St. Louis, Mo. 


Farnham, W. E., New York, N. Y. 
Floyd, F. T., E. Pittsburgh, Pa. 
Flynn, А. А., Gold Hill, Ore. 

Frost, L. E., E. Pittsburgh, Pa. 
Gaffey, J. J., Boston, Mass. 

Gardner, F. Q. С., Fort Totten, N. Y. 
Grierson, C. I., Edmonton, Alta. 

Guy, G. L., Winnipeg, Man. 

Hacker, G., Vienna, Austria. 


Hamilton, R. F., Manchester, England. 


Harris, J. А., Toronto, Ontario. 
Harrison, W. T., Portland, Ore. 
Harvey, H. G., Chicago, Ill. 
Hile, C. H. (Member), Boston, Mass. 
Hirt, ХУ, А., Detroit, Mich. 

Hoot, D. W., Schenectady, N. Y. 
Huff, J., Olmstead, Utah. 

Hull, B. D., St. Louis, Mo. 

Irev, G. W., St. Joseph, Mo. 
Jefferson, R. D., Boise, Idaho. 
Johnson, M. J., Waterbury, Conn. 


Kane, J. J. (Member), Milwaukee, Wis. 


Lee, B. F., Niagara Falls, N. Y. 
Lloyd, W. E., Jr., Martins Creek, Pa. 
Lunsford, J. B., Ampere, N. J. 
Mabbs, J. K., Chicago, Ill. 
Mackenzie, А. M., Guelph, Ont. 
Moore, W. D., Portland, Orc. 
Morrow, А., Richmond, Cal. 
O'Neill, T. F., New Haven, Conn. 
Peart, J. W., London, Ontario. 
Pollard, J. F., Drum, Cal. 

Posa, E., Barcelona, Spain. 
Ramsay, L. M., Schenectady, ХМ. Y. 
Rese, W. F., Weirton, W. Va. 
Riddell, J. L., Philadelphia, Pa. 
Smith, L., Rumford, Maine. 
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Spahr, C. W., Racine, Wis. 
Stephenson, J., Columbia, S. C. 
Thomson, 5. E., Niagara Falls, Ont. 
Uptegraff, R. E., Pittsburgh, Pa. 
Vanderhoof, C. N., Newark, N. J. 
Wier, H.B. (Member), New York, N. Y. 
Wilson, J., Cambridge, Mass. 

Winston, W. O., Jr., Minneapolis, Minn. 
Young, J. А., Atlanta, Ga. 

Total, 65. 


Students Enrolled February 
19, 1915 


7105 Bond, J. M., Worcester Poly. Inst. 
7106 Hoyert, J.H., Univ. of Pittsburgh. 
7107 Walz, А. J., Purdue University. 
7108 Hildebrand, E. W., Lewis Inst. 
7109 McGregor, А. J., Cooper Union. 
7110 Zant, L. N., Univ. of Texas. 
7111 Smith, L. M., Univ. of Alabama. 
7112 Webber, L. G., Tufts College. 
7113 Shulze, G. F., Univ. of Missouri. 
7114 Davis, G. E., Okla. A. & M. Coll. 
7115 Fisher, J. M., Okla. A. & M. Coll. 
7116 Schaefer, P., Okla. A. & M. Coll. 
7117 Lovell, C. M., Okla. A. & M. Coll. 
7118 Peck, H. L., Okla. A. & M. Coll. 
7119 Junkins, R. D., Carnegie Inst. Tech. 
7120 Keiser, W., Bucknell University. 
7121 Hott, O. J., Univ. of Oklahoma. 
7122 Hott, W. M., Univ. of Oklahoma. 
7123 de Macedo, A., Univ. of Penna. 
7124 Ferguson, E. L., Washington 
State College. 
7125 Mensch, S. R., Bucknell Univ. 
7126 Ernst, M., Columbia University. 
7127 Heisler, S. E., Lehigh Univ. 
7128 Reace, W. T., Univ. of Illinois. 
7129 Palmer, R. T., Univ. of Alabama. 
7130 Felt, W. L., Univ. of Oklahoma. 
7131 Pawnell, À. M., Univ. of Okla. 
7132 Oster, C. C., Univ. of Oklahoma. 
7133 Malott, E. O., Purdue University. 
7134 Cravens, W. H., Rensselaer Poly. 
Institute. 

7135 Pope, L. A., Univ. of Illinois. 
7136 Ficke, W. M., Tufts College. 
7137 Glasier, R. C., Univ. of Michigan. 
1138 Wagner, L. R., Univ. of Michigan. 
7139 Moore, C. W., Univ. of Michigan. 
7140 Hall, W. C., Univ. of Michigan. 
7141 Edlund, L. L., Armour Inst. Tech. 
7142 Jordan, L. J., Univ. of Texas. 
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7143 
7144 
7145 
7146 
7147 
7148 
7149 
7150 
7151 


7152 
' 7153 
7154 
7155 
7156 
7157 
7158 
7159 
7160 
7161 
7162 
7163 


7164 
7165 
7166 
7167 
7168 


7169 
7170 
7171 
7172 
7173 
7174 
7175 
7176 
7177 
7178 
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Hardey, F. J., Jr., Univ. of Texas. 
Miller, W. J., Univ. of Texas. 
Linscott, H. D., Kans.St. Agri. Coll. 
Rusch, H. W., Univ. of Wisconsin. 
Nagahama, S., Harvard Univ. 
Shipman, C. F., Colo. Agri. Coll. 
Waite, R. A., Univ. of California. 
Swanson, A. J., Colo. Agri. Coll. 
von Lindeman, C., Jr., Highland 
Park Coll. 

MacCalla, P. S., Univ. of Penna. 
Lovell, W. V., Ga. Sch. Tech. 
Metcalf, J. L., Ga. Sch. Tech. 
Glover, R. P., Ga. Sch. Tech. 
Hughes, E. L., Washington Univ. 
Franklin, C. O., Univ. of Pitts. 
Keck, R. M., Univ. of Texas. 
Oster, E. A., Univ. of Cincinnati. 
Hada, T., Harvard University. 
Paxton, G. L., Colo. Agri. Coll. 
Mackey, C. M., Univ. of Okla. 
Hawkins, R. D., Worcester Poly. 
Inst. 

Yates, C. C., Harvard University. 
Johnston, W. M., Univ. of Ala. 
Clarkson, W. B., Harvard Univ. 
Donnell, P. S., Harvard Univ. 
Whipple, C. C., Worcester Poly. 
Inst. 

johnson, R. T., Univ. of Pitts. 
Gleason,D.T.,Carnegie Inst. Tech. 
Munyan, E. А., Univ. of Penna. 
Levin, J. M., Drexel Institute. 
White, W. R., Drexel Institute. 
Trate, G. M., Drexel Institute. 
Apfelbaum, E., Drexel Institute. 
Vianna, S. P., Drexel Institute. 
Oliphant, A. C., Drexel Institute. 
VanInwegen,L.C., Lafayette Coll. 


7179 
7180 
7181 
7182 
7183 
7184 
7185 
7186 
7187 


7188 


7189 
7190 
7191 
7192 
7193 
7194 
7195 
7196 
7197 
7198 
7199 
7200 
7201 
7202 
7203 
7204 
7205 
7206 
7207 
7208 
7209 


7210 
7211 
7212 
7213 
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Brown, A. M., Univ. of Okla. 
Woodson, J.C., Okla. A. &M. Coll. 
Parsons, A.W., Okla. A. & M.Coll. 
Notson, F. C., Okla. А.& М. Coll. 
Cobb, C. C., Okla. A. & M. Coll. 
McKenney, M.R., Univ. of Maine. 
Banks, W. M., Univ. of Pitts. 
Jeanne, P., Colorado College. : 
Cardoso, A. de M., Highland Park 
Coll. 

Woodruff, H. L., Highland Park 
College. ; 
Hantman, B.,Carnegie Inst. Tech. 
Heffner, O.C.,Carnegie Inst. Tech. 
vonSothen,C.E.H.,Columbia Univ. 
Steiner, C. R., Syracuse Univ. 
Nash. DeL. D., Syracuse Univ. 
Woodard, G. E., Syracuse Univ. 
Fulmer, L. 6., Syracuse Univ. 
Stevens, W. R., Syracuse Univ. 
Abreu, С. S., Syracuse Univ. . 
Daly, C. J., Syracuse Univ. 
Woodruff, L. L., Syracuse Univ. 
Keefer, W. D., Syracuse Univ. 
Shibuta, I., Syracuse Univ. 
Silverman, J., Syracuse Univ. 
Kuehn, M. H., Syracuse Univ. 
Seiter, K. W., Wash. St. Coll. 
Sanders, Н. M., Bucknell Univ. 
Watson,D.J.,Clemson A. & M.Coll. 
Iler, C. B., Clemson A. & M. Coll. 
Bey mer,O.H.,ClemsonA. &M.Coll. 
DuVernct, E. P., Clemson A.& 
M. College. 

Reid, E. À., Univ. of Illinois. 
Hagemann, E. C., Bucknell Univ. 
Webster, J. C., Univ. of Pitts. 
Miller, F. H., Univ. of Kansas. 


Total 109. 
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EMPLOYMENT DEPARTMENT 


Note: Under this heading brief announcements (not more than 50 words іп 
length) of vacancies, and men available, will be published without charge to mem- 


bers. 


Copy should be prepared by the member concerned and should reach the 


Secretary’s office prior to the 20th of the month. Announcements will not be re- 
peated except upon request received after an interval of three months; during this 


period names and records will remain in the office reference files. 


All replies should 


be addressed to the number indicated in each case, and mailed to Institute head- 


quarters. 


The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 
V-58. Opportunity for consulting en- 
gineer of broad training to cooperate 
with firm of industrial engineers re- 
quiring frequent advice іп electrical 
matters. Joint occupancy of present 
established office preferred. 


The United States Civil Service Com- 
Taission announces an open competitive 
examination for sub-inspector, electrical, 
for men only, on April 7, 1915, to be 
held at numerous places in the U. S. 
From the register of eligibles resulting 
from this examination certification will 
be made to fill a vacancy in this posi- 
tion at $4.16 per diem, in the office of 
Insoector of Engineering Material, U. 
S. Navy, Pittsburgh, Pa., and vacancies 
in positions requiring similar qualifica- 
tions as they may occur in any U. S. 
navy yard or naval establishment, at 
entrance salaries ranging from $3.60 
to $5.04 per diem, unless it is found to 
be in the interest of the service to fill 
any vacancy by reinstatement, transfer, 
or promotion. In filing vacancies in 
navv yards and other naval establish- 
ments, preference in certification will 
be given to eligibles residing 1n the vicin- 
ity of the place at which the vacancy 
occurs, 


The duties of the position cover the ` 


shop inspection and testing of all types 
of generators, transformers, motors, 
motor-generators, up to 300 kw. capac- 
itv, together with their controlling 
apparatus, and the appointee must be 
capable of making all calculations and 
deductions connected therewith. The 
work of the sub-inspector will require 
travel and temporary location at the 
various manufacturing plants where 
contracts for the Navy Department 
are being carried out. 

Persons who meet the requirements 
and desire this examination should at 
once apply for the circular announcing 
this examination (Form Хо. 213, is- 
sued February 13, 1915) and Form No. 
1312, stating the title of the examina- 
tion for which the form is desired, ta 


the U. S. Civil Service Commission, 
Washington, D. C. 


Men Available 


203. Electrical Engineer. Graduate 
(1914) University of Michigan. Desires 
position in electrical line, preferably in 
illuminating or manufacturing field. 
Some experience as machinist and 
draftsman. Since graduation employed 
as operator in power plant. 


204. Electrical Engineer. Technical 
education; four years’ experience in 
telephone construction and repair; two 
years’ d-c. and a-c. motor manufactur- 
ing, testing and experimental work such 
as testing automobile starters and 
lighters. Now employed. 

205. Electrical Engineer. Mem. A. 
I.E.E., I.E.S., S.P.E.E. Degrees B. 
S.E.E., E.E.; 28 years old. Designing, 
commercial, industrial and educational 
experience; desires to specialize in some 
line. Willing to start at low salary in 
a permanent position permitting of 
advancement. Now employed. 

206. Operating Engincer. Technical 
graduate. Thirteen years’ experience in 
operation and management of power 
plants; transmission line and distri- 
bution systems for power, lighting and 
railways. A good organizer, energetic, 
and take well with the public. Will go 
anywhere on short notice. 

207. Electrical Engineer. Technical 
graduate; six years’ experience with 
large light and power companies, 1п- 
cluding plant, meter, and instrument 
testing and investigating; also industrial 
and commercial applications of electric 
power. Willing to go abroad. 

208. Electrical Engineer. Age 24; 
1913 graduate. Eighteen months Gen- 
eral Electric test. Would like position 
in or near New York City. Could ar- 
range for interview. 

209. Electrical Engineer. Mass. Inst. 
Tech. 1908. Single. аре 30. One year 
in Unjted States and five years’ ex- 
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репепсе in Porto Rico and Cuba іп 
operation and-administration of small 
public utilities, street railway, lighting, 
power and water service, steam and 
combined hydraulic power stations. 
Speak Spanish. Willing to go anywhere. 


210. Electrical Engineer desires a 
peanon with good chances for the 
uture. Technical graduate; single; 28 
years old; at present employed. Ex- 
perience embraces line work (both city 
and transmission), station operation, 
station installation, and office work. 


211. Electrical Engineer. Technical 
graduate; one year shop work; five 
years with railway and light company. 
Well informed on switchboard work, 
meter: work, line construction. Desires 
permanent position as chief electrician 
or superintendent in charge of small 
plant. 


212. Mechanical-Electrical Engineer; 
technical graduate: Construction, opera- 
ting, and executive experience in large 
water, gas and clectric utilities; also 
investigation, rate, valuation, auditing, 
and cost analysis work as principal as- 
sistant to consulting engineers and on 
staff of large utilities. Desires assocía- 
tion with company, consulting enginz :r, 
investigator, or commission. A 


213. Electrical Engineer. Qualified 
to install and operate hydroelectric 
plants, substations, industrial power 
installations. Good at doctoring sick 
plants. Experienced in the adaptation of 
electricity to mines and mills. Age 31; 
married. No objection to foreign service. 


214. Electrical Engineer. Graduate 
of University of Wisconsin. Thirteen 
years' experience contracting for inte- 
rior wiring systems for light and power; 
also selling supplies and apparatus. 
Desires position with consulting, con- 
tracting, or selling concern. 


215. Technical graduate (1914) de- 
sires position in an electrical engineer- 
ing department or consulting engineer- 
ing office. At present employed as as- 
sistant in electrical laboratory. Some 
experience in central station office work. 
Present employment expires about 
middle of June. Will consider foreign 
service. 


216. Electrical- Mechanical Engineer. 
Age 30; married. Past five vears super- 
intendent and manager of electric light 
and steam heat company. directing 
construction, operation and mainte- 
nance, as well as business of plant. In- 
creased business over 400 per cent. 
Desires position in any phase of central 
Station work. 


217. Standardization can be ей- 
ciently done during periods of business 
depression. An electrical engineer with 
seasoned judgment in such matters, 
good technical education and compre- 
hensive experience in the manufacture 
of electrical apparatus, is seeking new 
fields needing his efforts. Age 36. 
Temperate. Persistent. Happily mar- 
ried. 


218. Electrical Engineer. Practical 
and teaching experience. Desires posi- 
tion as instructor in electrical engineer- 
ing. | 

219. Sales Engineer. Technical edu- 
cation; five years’ sales experience on 
electrical and mechanical (elevating 
and conveying) machinery; eight years 
on electrical and mechanical design; 
four years on hydroelectric installa- 
tion, test, and operation. At present 
employed as sales engineer; can leave 
on one month's notice. ° 


220. Electrical Engineer. Technical 
education; General Electric test. Twelve 
years' experience clectrical construc- 
tion, operation and rcpair of electrical 
apparatus connected with large in- 
dustrial plants. Past five years with 
large lumber company installing elec- 
trical equipment of complete plant and 
in charge of all construction and repair 
work. Desires position with large lum- 
ber company, but open to any good 
offer. 


221. An experienced and successful 
teacher of electrical engineering is 
available for school year beginning 
September 1. Five years’ experience іп 
design, construction and operation of 
power plants; four years’ teaching ex- 
perience in large university. One book 
largely used as a text in engincering 
schools; another will be issued this 


“spring. 


222. Graduate Engineer. Married; 
age 38. Seventcen years’ experience in 
design, building, operation and man- 
agement of power plants (steam and 
hydroelectric), substations, distribu- 
ting systems (high- and low-tension), 
industrial plants and equipments; safety 
and efficiency engineering. Competent 
executive and successful in handling 
employes. 


223. Electrical Engineer. Single; age 
27. Has had broad testing experience 
and is familiar with central station pro- 
duction and distribution. Desires 
managership of small light and power 
company or production work in con- 
nection with larger central station. 
Managing small plant at present; de- 
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sires change. New York or adjacent 
states preferred. 


224. Technical Graduate, thirteen 
years’ practical experience in testing, 
estimating, specification work, power 
plant design, construction and main- 
tenance, general and special engineering, 
etc., with large railway, light, power 
and engineering corporations in States 
and Canada. Is willing to go anywhere, 
North or South America. Salary not 
of first importance. 


225. Electrical Engineer. Technical 
graduate; age 34. Experience with elec- 
trical manufacturing company, design 
of stations and transmission lines, and 
central station operation as assistant 
superintendent of large system. Fami- 
liar with appraisal of electric properties 
and rate rescarch. Desires position with 
consulting engineering firm or operating 
. company as commercial power engineer. 


226. Electrical Engineer. Technical 
graduate; age 32. Ten years' experi- 
ence in estimating, design and construc- 
tion of large power developments; also 
experienced in appraisals. At present 
employed, but can leave on short 
notice. Will consider any part of the 
United States. Mem. A. I. E. E. 


227. District Sales Representative 
and Engineer. Electrical and Mechani- 
cal Engineer—technical training—twenty 
years’ practical experience as engineer, 
salesman and manager. Familiar with 
commercial and industrial engineering. 
Ten years branch manager large elec- 
trical manufacturing company. Wide 
acquaíntance with men of large affairs. 
По record. Member А. 


228. Electrical and Mechanical En- 
gineer. 25 years’ experience with elec- 
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tric railway, lighting and construction 
companies. Will be available about 
April 1. Temporary or permanent en- 
gagement anywhere in U. S., on con- 
struction, operation or consulting en- 
gineering, steam or electrical, or ap- 
praisal work, with electric railway, light- 
ing or industrial company. Member 
A. I. E. E. 


229. Electrical and Mechanical En- 
gineer. 14 years’ experience іп U. 5. 
and Canada, designing and manufactur- 
ing d-c. and a-c. machinery. Has acted 
in both advisory and supervising са- 
pacities. 

230. Manager-Engineer. Fellow А. 
I. E. E., Member А. S. M. E. 18 years’ 
experience in construction design and 
operation of hydroelectric, high-voltage 
systems. Specialist іп hydroelectric 
power plant maragement and construc- 
tion, mechanical, civil and electrical 
engincering; broad experience, economy 
and improvement in o»eration. Speak 
Spanish and English. Prefer Latin- 
American or foreign engagement. 


231. Superintendent and Engineer. 
Twerty. years’ experience in operation 
and construction with large central 
stati 1 system; especially successful in 
producing economical results; desires 
engagement as manager or superin- 
tendent of large company. Good salary 
expected. Services available within 
thirty days. 

232. Electrical Engineer. Graduate; 
single; age 23. Desires position with 
electric power company in South 
America, preferably as meter man. 
More than two years test and design 
with General Electric Co., and at 
present employed in meter department 
of a southern power company. 


Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

American Institute of Electrical Engineers. Year 
Book 1915. New York, 1915. (Gift.) 
Automatic Telephony. By А.В. Smith and W. 
L. Campbell. New York, 1914. (Pur- 

chase.) 

Bureau des Longitudes. Annuaire, 1015. Paris 
Gauthier-Villars et Cie, 1915. (Gift of 
publisher.) 

Depreciation and Rate Control. By А. A. 
Young. (Reprinted from the Quarterly 
Journal of Economics, Aug. 1914.) (Gift 
of R. E. Livingston.) 

Electrical Trades' Directory and Handbook for 
1913. London, 1913. (Gift of National 
fJectric Light Association.) 


Die Elektrischen Erscheinungen in Metallischen 
Leitern. By K. Baedeker. (Die Wissen- 
schaft, pt. 35.) Braunschweig, 1911. (Pur- 
chase.) 

Elektrizitat іп  Brauercien. 
Leipzig, 1914. 


Elektromagnetische Theorie der Strahlung. Ed. 
2. By M. Abraham. (Theorie der Elek- 
trizitat, Ed. II.) Leipzig, 1908. (Purchase.) 


Graphical Determination of Sags and Stresses 
for Overhead Line Construction. By Guido 
Semenza and Marco Semenza, translated 
from the Italian by C. O. Mailloux. New 
York, 1915. (Purchase.) 

Grundzüge der Elektrotechnik. By H. Górges. 
Leipzig, 1913. (Purchase.) 

India Rubber, Gutta Percha and Electrical 
Trades’ Diary and Year Book, 1915. Lon- 
don, 1915. (Gift of India Rubber Journal.) 


By W. газе]. 
(Purchase.) 
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International Catalogue of Scientific Literature. 
lith Annual Issue. D—Chemistry. Lon- 
don, 1914. (Gift of E. D. Adams.) 


——]12th Annual Issue. B-— Mechanics. Lon- 


don, 1914. (Gift of E. D. Adams.) 
Jahrbuch der Elektrotechnik. II Jahrgang. 
1913. By Karl Strecker. Munchen, 1914. 


(Purchase.) 

Laboratories Conducted by the City of New 
York, upon samples taken from deliveries 
of materials and supplies. Monthly Bulle- 
tin of Tests. October 1914. (Gift of Board 
of Estimate and Apportionment, City of 
New York.) 

Landolt-Bórnstein Physikalisch-Chemische Ta- 
bellen. Ed. 4. Berlin, 1912. (Purchase.) 

Royal Society of London. Philosophical Trans- 
actions. Ser. B. vol. 205. London, 1014. 
(Gift of E. D. Adams.) | 

Standard Wiring for Electric Light and Power, 
as adopted by the Fire Underwriters of the 
United States. By H. C. Cushing, Jr. 
New York, published by the author, Pulitzer 
Bldg., 1915. (Gift of author.) Price, $1.00. 

This is the twenty-first annual issue of this 
pocket book, prepared by the author with the 
co-operation of the National Electric Light As- 
sociation Committee on Wiring Existing Build- 
ngs, and the Society for Electrical Development. 

š W. P. C. 

Theoretische und Praktische Einführung іп die 
Allgemeine Elektrotechnik. By S. Herzog. 
Stuttgart, 1914. (Purchase.) 

Universal Safety Standards. Ed. 2. By Carl 
M. Hansen. New York, Universal Safety 
Standards Publishing Co., 1914. (Gift of 
Publishers.) Price, $3.00. 

The first of a series of handbooks compiled by 
Mr. Hansen under the auspices of the Work- 
men's Compensation Service Bureau of New 
York. It is devoted to the safeguarding of 
machine shops. not the “why” of safeguarding, 
but the how. Safety devices are not only des- 
cribed, but illustrated by numerous plates, the 
safcguarding appliance being shown in the safety 
color, green. Safety appliances for the foundry 
are also shown. 

The great interest in these appliances, due 
partly to humanitarian considerations and partly 
to workmen's compensation legislation, is re- 
flected in the great number of appliances pictured 
and described. W. P. C. 
Water Power Bill. Hearing before the Com- 

mittee on Public Lands United States 
Senate, 63d Congress, 3d session. Wash- 
ington, 1915. (Gift of U. S. Senate.) 


TRADE CATALOGUES 


Allgemeine Elektricitats Gesellschaft, Elektrisch 
Betriebene hauptschacht Fórdermaschinen. 
97 pp. . 

Archbold-Brady Co. Syracuse, N. Y. Steel 
transmission structures and catenary bridges. 
32 pp. 

Century Electric Co. 
phase motors. 


St. Louis, Mo. Single 
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Delta-Star Electric Co. Chicago, Ill. Bull. no. 
15. "Unit Туре” high tension indoor equip- 
ment. Jan. 1915. 

No. 20. High capacity outdoor substation, 

high voltage equipment etc. Jan. 1915. 

De Laval Steam Turbine Co. Trenton, N. J. 
Catalogue “В,” De Laval high efficiency 
centrifugal pumps, 1914. 

Electric Storage Battery Co. Philadelphia, Pa. 
The “Exide” battery, type LX for lighting 
and ignition service. Jan. 1915. 

“Ironclad Exide” batteries, what owners 

say about, 


General Electnc Co. Schenectady, М. Y. 
Bulletin No. 44004. Railway line material 
for direct suspension. Nov. 1914. 
Bull. 3328. G. E. Electric Fans. 19 pp. 


—Bull. 3333. Multiple mercury arc rectifiers. 
Jan. 1915. 

Ohio Brass Co. Mansfield, O. O-B Bulletin. 
Nov.-Dec. 1914. 

Pacific Flush-Tank Co. Chicago—New York. 
Catalog No. 17. Automatic Sewage Ejectors 
1914. 

Seabury, Chas. L. & Co. New York City. 
Catalog No. 10. Seabury safety water 
tube boilers. 

The Cutter Co. Philadelphia, Pa. 
fuse blows. 1915. 

Westinghouse Machine Co. East Pittsburgh, 
Pa. WM 513. Westinghouse Roney sto- 
kers. Dec. 1914. 

National Lamp Works of General Electric Co. 
Cleveland, Ohio. Bull. 15A. Engineering 
features of electric sign lighting. Feb. 1915. 

Holophane Works of General Electric Co. 

Cleveland Оһо. Catalog No. 302. Ivanhoe 

metal reflectors and fittings for multiple 

mazda lamps. 32 pp. 1915. 

No. 312. Ivanhoe counterline metal re- 

flectors “С” line fixtures. 23 pp. 1915. 

No. 711. Holophane and opal reflectors 

and fittings, for commercial lighting. 64 pp. 

1915. 


When a 


Holophane Hunchman. Jan. 1915. 
E. S. Lincoln, Inc. Waltham, Mass. Lincoln 
electrical laboratories. 16брр. 


UNITED ENGINEERING SOCIETY 


Bibliographie der fremdsprachigen Zeitschrieften- 
literatur. Band IX, 1913. By F. Dietrich. 
Leipzig, 1914. (Purchase.) 

Clark Stabilizer, description. (Gift of M. E. 
Clark.) 


Engineering Index, 1914. N. 
chase.) 


Y. 1915. (Pur- 


Geological and Statistical map of Brazil. n.d. 
(Gift of Consul General of Brazil.) 


Handbuch des Wasserbaues. vols. 
Hubert Engels. Leipzig Berlin, 1914. 
chase.) 

International Railroad Master Blacksmiths’ As- 
sociation. Report of the Proceedings of 
22d Annual Convention, 1914. Lima, 1914. 
(Gift of Association.) 


1-2. By 
(Pur- 
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OFFICERS AND BOARD ОЕ DIRECTORS, 1914-1915 


PRESIDENT. 


(Term expires July 31, 1915.) 
PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1915.) 
RALPH О. MERSHON. 


(Term expires July 31, 1916.) 
C. О. MAILLOU X. 


VICE-PRESIDENTS. 


(Term expires July 31, 1915.) 
J. A. LIGH THIPE. 

H. H. BARNES, JR. 

C. E. SCRIBNER. 


(Term expires July 31, 1916.) 
F. S. HUNTING. 

N. W. STORER. 

FARLEY OSGOOD. 


MANAGERS. 
(Term expires July 31, 1915.) (Term expires July 31, 1916.) (Term expires July 31, 1917.) 
COMFORT A. ADAMS. H. A. LARDNER. FREDERICK BEDELL. 
J. FRANKLIN STEVENS. B. A. BEHREND. BANCROFT GHERARDI. 
WILLIAM B. JACKSON. PETER JUNKERSFELD. A. S. McALLISTER. 
WILLIAM McCLELLAN. L. T. ROBINSON. JOHN H. FINNEY. 
TREASURER. (Term expires July 31; 1915.) SECRETARY. 


GEORGE A. HAMILTON. 


HONORARY SECRETARY. 
RALPH W. POPE, 


F. L. HUTCHINSON. 


LIBRARIAN. 
W. P. CUTTER, 


GENERAL COUNSEL. 
PARKER and AARON, 
52 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


*NORVIN GREEN, 1884-5-6. 
“РЕАМКІЛМ L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING. 1900-1. 

* Deceased. 


CHARLES P. STEIN METZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-13. 

C. О. MAILLOU X, 1913-14. 
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STANDING COMMITTEES 


Revised to March 1, 1915 


ВРЕХЕСОТІУЕ COMMITTEE. 
P. M. Lincoln, Chairman, 


E. and M. Pompan East Pittsburgh, Pa 


š . A. Hamilton, 
H. H. Barnes, Jr., William McClellan, 
B. A. Behrend, N. W. Storer. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1326 Chestnut St., Philadelphia, Pa. 
H. H. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, | 
1984 Schermerhorn St., Brooklyn, М. Ү. 
Harold Pender, 


B. Gherardi, 
F. L. Hutchinson. W. I. Slichter. 


MEETINGS AND PAPERS COMMITTEE. 
L. T. Robinson, Chairman, 


General Electric Company, Schenectady, N. Y. 


L. W. Chubb, . С. Reed, 

E. E. F. Creighton, . B. Rushmore, 

A. F. Ganz, C. E. Scribner, 
Dugald C. Jackson, Clayton H. Sharp, 
William B. Jackson, Charles P. Steinmetz, 


V. Karapetoff, H. G. Stott, 

S. M. Kintner, Wilfred Sykes, 
C. S. McDowell, P. H. Thomas, 
H. H. Norris, J. B. Whitehead. 


EDITING COMMITTEE. 
H. H. Norris, Chairman, 
239 West 39th St., New York. 
M. G. Lloyd, W. S. Rugg, 
A. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman; 
165 Broadway, New York. 
Philander Betts, А. S. McAllister, 
Henry Floy, John B. Taylor. >œ 


SECTIONS COMMITTEE. 


H. A. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets, 
Philadelphia, Pa 
Frederick Bedell, W. А. Hall, 
H. W. Flashman, F. D. Nims, 
Charles F. Scott, 
and the chairmen of all Institute Sections. 


STANDARDS COMMITTEE. 


A. E. Kennelly, Chairman, 

Harvard University, Cambridge, Mass. 
С. A. Adams, Secretary, 

Harvard University, Cambridge, Mass. 


ene Burke, W. H. Powell, 

. A. Del Mar, Charles Robbins, 
H. W. Fisher, L. T. Robinson, 
H. M. Hobart, E. B. Rosa, 

F. B. Jewett, C. E. Skinner, 
Р. үе: I M. Smith, 

G. Knight, . G. Stott, 

W. L. Merrill, P. H. Thomas. 


CODE COMMITTEE. 


Farley Osgood. Chairman, 
763 Broad Street, Newark N. J. 


. С. Forsyth, 2 Muller, 
. B. Gear, Н. R. Sargent. 
H. O. Lacount, A. М. Schoen, 


George F. Sever, 


Kempster B. Miller, 
С. Skinner, 


LAW COMMITTEE. 
G. H. Stockbridge, Chairman, 
165 Broadway, New York. 
Charles L. Clarke. Paul Spencer, 
C. E. Scribner, Charles A. Terry. 


SPECIAL COMMITTEES 


Revised to March 1, 1915 


POWER STATIONS COMMITTEE. 


H. G. Stott, Chairman, 
600 West 59th е: New York. 


W. S. Gorsuch, 5. MacCalla, 
L H. Hanna, R. Ё 5. Pigott, 

A. Hobein, E. F. Scattergood, 
A. S. Loizeaux, Paul Spencer, 


С. F. Uebelacker. 
TRANSMISSION COMMITTEE. 


P. H. Thomas, Chairman, 

2 Rector St., New York. 
Е. 1; Berg, V. D. Moody, 
P. M. Downing, F. D. Nims, 
А. R. Fairchild, F. W. Peek, Jr., 
Е.А. Gaby, Harold Pender, 
L. E. Imlay, K. C. Randall, 
L. R. Lee, C. S. Ruffner, 
G. H. Lukes, F. D. Sampson, 
n on D. Mershon, P. W. Sothman, 
W. E. Mitchell, C. E. Waddell, 

J. E. Woodbridge. 


RAILWAY COMMITTEE. 


D..C. Jackson, Chairman, 

248 Boylston Street, Boston, Mass. 
А. Н. Armstrong, Е.В. Katte, 
А. H. Babcock, Paul Lebenbaum, 
E. J. Blair, W. S. Murray, 
H. M. Brinckerhoff, Clarence Renshaw, 
E. Burch, А. S. Richey, 
H. M. Hobart, F. J. Sprague. 

N. W. Storer. 


PROTECTIVE APPARATUS COMMITTEE. 


E. E. F. Creighton, Chairman, 
Union University, Schenectady, N. Y. 


H. H. Dewey, T. Lawson. 

Louis Elliott, . B. Merriam, 
Victor H. Greisser, L. C. Nicholson, 
Ford W. Harris, E. P. Peck, 

S. Q. Hayes, N. L. Pollard, 

Fred L. Hunt, O. O. Rider, 

L. E. Imlay, D. W. Roper, 

R. P. Jackson, Charles P. Steinmetz. 


H. R. Woodrow, 


ELECTRIC LIGHTING СОММІТТЕЕ. 
Clayton H. Sharp, Chairman, 


556 East 80th St., New York. - 
W. Cowles, S. Perkins, 
. P. Hyde, S. G. Rhodes, 
P. Junkersfeld, E. B. Rosa, 
A. 5. Loizeaux, G. H. Stickney, 
H. W. Peck, C. W. Stone. 


INDUSTRIAL POWER COMMITTEE. 
D. B. Rushmore, Chairman, 


General Electric Company, Schenectady, N. Y. 
А. С. Eastwood, А. 5. McAllister, 


Walter A. Hall, . P. Mallett, 
J. М. Hipple. . H. Martindale, 
G. H. pus W. L. Merrill, 
C. D. Knight. J. А. Osborn, 
J. C. Lincoln, А. С. Pierce, 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 
C. E. Scribner, Chairman, 


463 West Street, New York. 
Minor M. Davis, nem ster B. Miller, 


C. L. Fortescue, Mouradian, 
H. M. Friendly, W. O. Pennell, 
А. Н. Griswold, Е. L. Rhodes, 
F. B. Jewett, John B. Taylor, 
S. M. Kintner, J. L. Wayne, 
William Maver, Jr., G. M. Yorke. 


COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 


Wilfred Sykes, Chairman, 
Box 242, East mine Pa. 


F. E. Alexander, . Gerry, Jr., 
C. W. Beers, Charles Legrand, 
W. W. Briggs, K. A. Pauly, 


Graham Bright, Ө, В. Rosenblatt, 
Т. Viall. 


COMMITTEE ON USE 
OF ELECTRICITY IN MARINE WORK. 


C. S. McDowell, Chairman, 
Navy Yard, New York. 


Maxwell W. Day, O. P. Loomis, 

W. L. К. Emmet, D. M Mahood, 
F. C. Hanker, G. A. Pierce, Jr., 
H. L. Hibbard, H. M. Southgate, 
Guy Hill, Elmer A. Sperry, 
H. A. Hornor, F. W. Wood. 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman, 
2635 South 2nd nen Steelton, Pa. 


Р.В. Crosby, T. Henderson, 
A. C. Dinkey, F. Hodgkinson, 
Gano Dunn, B. G. Lamme, 

А. C. Eastwood, K. A. Pauly, 

F. G. Gasche, J. L. Woodbridge. 


ELECTROCHEMICAL COMMITTEE. 


A. F. Ganz, Chairman, 
Stevens Institute, Hoboken, N. J. 
Lawrence Addicks, E. F. Price, 
C. F. Burgess, C. G. Schluederberg, 
Carl Hering, L. L. Summers, 
W. R. Whitney. 


ELECTROPHYSICS СОММІТТЕЕ. 
J. B. Whitehead, Chairman, 


Johns Hopkins CE Kich Be ишеге, Md. 
i 


Frederick Bedell, chols, 
H. L. Blackwell, E. B. Rosa, 

L. W. Chubb, H. J. Ryan, 

W. S. Franklin, H. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 
Жини В. Jackson, Chairman, 


W. Monroe Street, Chicago, ПІ. 
Philander Betts, ү Norton, 


William H. Blood, Jr., C. L. Pillsbury, 
Fred A. Bryan, H. Spoehrer, 

C. L. Cory, W. d. Vincent, 
Henry Floy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


V. Karapetoff, Chairman, 

Cornell University, Ithaca, N. Y, 
E. J. Berg. . S. Langsdorf, 
F. L. Bishop, С. E. Magnusson. 
C. R. Dooley, Charles F. Scott, 
G. A. Hoadley, Р. В. Woodworth. 
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PUBLIC POLICY COMMITTEE. 


Cavert Townley, Chairman, 
5 Broadway, New York. 
William McClellan, Vice-Chairman, 
141 Broadway, New York. 
H. W. Buck, H. A. Lardner, 


Fredk. Darlington, E. W. Rice, Jr., 
Gano Dunn, L. B. Stillwell, 
John H. Finney, H. G. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, E. S. Northrup. 
C. S. Bradley, О. S. Schalrer, 
M 27 Е п, с. тве. 

ohn Е. Kelly, . J. Sprague, 
C. A. Terry, 


MEMBERSHIP COMMITTEE. 


H. D. pas: Chairman, 
W. E. and М. Company, East Pittsburgh, Pa. 
Markham Cheever, А. С. Jones, 


E. L. Doty, S. C. Lindsay, 
Walter A. Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 
Н.А. Hornor, W. S. Turner, 

P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTEE. 


T. C. Martin, Chairman, 

29 West 39th Street, New York. 
John J. Cay E. W. Rice, Jr., 
Charles L. Clarke, Charles F. Scott, 
Louis Duncan, Frank J. Sprague. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
14 West 45th Street, New York. 
A. E. Kennelly, Secretary, 
Harvard University, Саша: Mass. 
C. A. Adams, E. B. Rosa, 
B. A. Behrend, C. Б ӛсо%, 
Louis Bell, Clayton H. Sharp, 


James Burke, Samuel Sheldon, 

J. Carty, C. E. Skinner, 

Gano Dunn, Charles P. Steinmetz, 
H. M. Hobart, H. G. Stott, 

John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OF CON- 
SULTING ENGINEERS. 


L. B. Stillwell, Chairman, 

100 Broadway, New York. 
Н. W. Buck, Р. R. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
H. W. Buck, John F. Kelly, 
Gano Dunn, Schuyler Skaats Wheeler 
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NEW YORE RECEPTION COMMITTEE. 


Frederick C. Bates, Chairman, 
30 Church Directs New York. 


H. H. Barnes, Angus K. Miller, 

Edward Caldwell; . Muschenheim, 

N. A. Carle, Farley Osgood, 

W. G. Carlton, H. A. Pratt, 

W. А. Del Mar, W.S. Rugg. 

A. F. Ganz, George Р. Sever, 

Bancroft Gherardi, Frank W. Smith, 

E. W. Goldschmidt, Р. ХУ. Sothman, 

С. А. Greenidge, 6. О. Sprong, 

А. H. Lawton, H. G. Stott, 

pone W. Lieb, H. M. Van Gelder, 
R. Livingston, ‚ М. Wakeman, 

W. E. McCoy, alter F. Wells. 


William Maver, Jr., Clifton W. Wilder. 
EDISON MEDAL COMMITTEE. 
Appointed by President for terms of five years. 


Term expires July 31, 1919. 


Charles F. Brush, William Stanley, 
N . Storer. 


Term expires July 31, 1918. 


H. W. Buck, F. A. Scheffer. 
J. Franklin Stevens, 
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Term expires July 31, 1917. 
A. E. Kennelly, Robert T. Lozier. 


Term expires July 31, 1916. 


Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 
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FIXATION OF ATMOSPHERIC NITROGEN 


BY LELAND L. SUMMERS 


ABSTRACT OF PAPER 


The nitrogen contained in the atmosphere is in an inert 
form and does not readily lend itself to chemical reactions. To 
overcome this is the province of “ nitrogen fixation." 

There are very definite commercial limitations involved 
in accomplishing this as the world’s supply of nitrogen has 
been readily obtained from vast natural deposits of sodium nitrate 
in Peru and Chile and the production of a substitute must be at 
a competitive cost. 

The electrical processes for fixing nitrogen have a very low 
efficiency, due to utilizing thermal energy only. 

Combinations of electrical and chemical methods promise 
the most important developments. 

Comparative figures are given showing amount of energy 
necessary per kilogram of nitrogen fixed, and the general 
economics of the subject are discussed. 


INTRODUCTORY 


N 1898 Sir William Crooks in his address as President of 
the British Association, very forcibly pointed out that 
the commercial fixation of atmospheric nitrogen was one of 
the greatest discoveries awaiting the ingenuity of chemists. 
He emphasized with very interesting figures its important 
practical bearing on the future welfare and happiness of the 
civilized races. This address brought forcibly to the attention 
of engineers the fact that the existing sources of fixed nitrogen 
were limited, and greatly stimulated the efforts of investigators. 
The problem itself had been worked on for over a century as 
it was known that nature fixed nitrogen of the atmosphere by 
means of electric discharges, and Cavendish in 1781 had shown 
that a small amount of nitrogen was converted into nitric acid 
in the combustion of hydrogen with oxygen to form water, 
while Busen in 1877 obtained favorable yields by means of gas- 
eous BE ы. The earlier efforts commercially in the art 
were however largely confined to the fixation of nitrogen for the 
purpose of manufacturing cyanides, and the earlier bibliography 
of the subject therefore deals almost entirely with these efforts. 
Commercial Products of Nitrogen. The three fundamental 
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commercial products formed by nitrogen are first, its union 
with oxygen to form nitrates NO; and nitrites МО). Sec- 
ond, its union with carbon to form cyanogen C:N: and 
producing cyanides XCN and cyanamides XCNe. Third, 
its union with hydrogen to form ammonia, NH;. From 
all of the above products there are obtained a large number of 
derivatives used in the chemical arts. | 

The most important of all commercial products are the unions 
of nitrogen with oxygen forming the nitric acid salts of com- 
merce. These are of particular importance on account of the 
vast natural deposits of nitrate of sodium occurring in Peru and 
Chile, commonly called Chile saltpeter. Practically, this com- 
modity is the one that sets the price for all other compounds of 
nitrogen, as it has been mined in Chile since 1830, and during 
the past 25 years its production has assumed vast proportions, 
the present annual output amounting to about 2,500,000 tons. 
This deposit of Chile appeared inexhaustible and therefore there 
was no occasion for alarm regarding the world’s supply of com- 
bined nitrogen, but after years spent in exploration work it be- 
gan to appear that the Chilean deposits would be exhausted 
before the end of the present century, and since then all other 
sources of combined nitrogen have received attention. 

While there are a few scattered natural deposits other than 

tthose in Chile, there is none which has at the present time a 

chance of competing, most of them being of limited extent and 
situated in inaccessible regions. In Chile the deposits are 
easily worked and even after years of careless mining with no 
effort to effect economies, the present cost of producing nitrate 
is not excessive, varying from $10 to $20 per ton and selling 
in Liverpool for about $45 per ton. This leaves a profit of from 
$5 to $10 a ton on the operation after paying the Government 
of Chile an export tax of about $12.25 per ton. In the past 30 
years this export tax has netted the Chilean Government about 
$500,000,000. Of the total production of Chile the United 
States imports about 600,000 to 700,000 tons per annum the 
balance being practically all shipped to European countries. 
Chile saltpeter has sold as high as $60 a ton but since 1909 when 
the agreement among the producers expired the price has ap- 
proximated $45 per ton f.o.b. Liverpool, making a price of from 
$35 to $40 per ton f.o.b. Chile. 

The union of nitrogen and carbon to form cyanides and with 
hydrogen to form ammonia are two of the earliest forms in which 
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the combined nitrogen was utilized. Most all animal and vege- 
table refuse contains ammonia compounds and these were the 
early sources of ammonia, and animal refuse products such as 
hides, hoofs and horns were the sources of combined carbon 
products forming the cyanides. Until the discovery of the Mc- 
Arthur-Forrest process for gold extraction, the markets for 
cyanides were comparatively limited and there was no great 
effort made to produce them on a large scale. With the rapid 
development of this art in the recovery of the low grade gold 
deposits a sudden impetus was given to the cvanide industry, 
and large quantities of cyanides are now manufactured from 
ammonia and metallic sodium. Small amounts of cvanides 
for industrial purposes are recovered from the gas retort houses 
but these processes are not generally applied and no particular 
effort has been made to extend the processes to the recovery 
of cyanides from by-product coke ovens. The greater portion 
of the cyanides are manufactured in England and Germany and 
some 20,000 tons per annum are exported annually by these two 
countries. As the cyanides of sodium and potassium for gold 
recovery purposes sell from $300 to $400 per ton, they represent 
one of the highest prices of nitrogen directly combined with 
a simple element. | 

Тһе third great commodity of commerce, ammonia, is utilized 
extensively in industrial arts but in addition has been used for 
many years as a fertilizer. Тһе annual production of sulphate 
of ammonia now amounts to about 1,250,000 tons and the Liver- 
pool price approximates that of sodium nitrate, varying from 
$45 to $60 per ton. Practically all of this sulphate of ammonia 
is manufactured from coal distillation either from gas house 
retorts or by-product coke ovens, up to the past year there 
having been practically no process in operation for the direct 
synthesis of ammonia from its compounds. 

All the older retort processes for the manufacture of gas, 
recover ammonia by washing the illuminating gas with water. 
All by-product coke ovens likewise treat the by-product gas for 
the recovery of ammonia. American coals run from 0.9 per 
cent to 1.4 per cent nitrogen or from 18 to 28 lb. (8.1 to 12.7 kg.) 
of nitrogen per ton of coal. In the distillation of this coal about 
20 per cent of the nitrogen is recovered from the gases of dis- 
tillation so that from 44 to 7 lb. (2.1 to 3.2 kg.) of ammonia are 
recovered per ton of coal distilled; this ammonia when united 
with sulphuric acid forms sulphate of ammonia, giving d yield 
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of from 18 to 28 lb. (8.1 to 12.7 kg.) of sulphate of ammonia per 
ton of coal distilled. Weak solutions of ammonia water are 
concentrated from the gas house retorts and the ammonia dis- 
tilled from this water by breaking down the ammonia contents 
. with lime, the pure ammonia then being united with sulphuric 
acid. In many of the coke oven plants the sulphate is formed 
directly by passing the gases into sulphuric acid forming the 
ammonia sulphate by a direct process. 

In general it costs about $15 per ton of ammonia sulphate to 
manufacture the sulphate from the ammonia, so that if am- 
monia sulphate is selling for $45 per ton, $15 of this is represented 
in the cost of sulphuric acid and the manufacturing, making the 
net ammonia cost with profit $30 per ton of sulphate or as the 
nitrogen content of the sulphate amounts to 21 per cent, the 
nitrogen represents an actual value of 7 cents per pound. With 
the great increase in the number of by-product coke ovens, 
there has been a greatly increased quantity of ammonia sul- 
phate manufactured, and it would seem that under these condi- 
tions the price of ammonia sulphate will tend to diminish rather 
than to increase. The actual cost to the by-product coke oven 
plants recovering the ammonia, in addition to the $15 for manu- 
facturing the sulphate of ammonia, will approximate $10 per 
ton, and if there is any profit to be obtained from the sale of 
ammonia, they can afford to recover itat this figure. 

Another source of ammonia by coal distillation is from producer 
gas generated on what is known as the Mond system. In 
this process steam is admitted to the producer in excess, so that 
the temperature is not permitted to rise to a point where the 
ammonia liberated by the fuel is decomposed. This excess of 
steam tends to protect the ammonia and it is recovered from the 
producer gas by washing. In this process not only the ammonia 
carried in the volatile products is recovered but also a large per- 
centage which ordinarily remains in the carbonaceous residue 
of the coke oven and gas house retort. As ordinarily distilled 
about 50 per cent of the total ammonia of the coal remains in 
the coke residue and is not recovered. In the producer where 
this coke is consumed in the presence of steam the total рег-, 
centage of recovery may be as high as 75 per cent of the theoretical 
nitrogen contained in the coal, so that from 15 to 20 lb. (6.8 to 
9.1 kg.) of nitrogen may be recovered, or in terms of ammonia 
sulphate, from 60 to 80 lb. (27.2 to 36.2 kg.) of ammonia sul- 
phate may be obtained per ton of coal consumed in the producer. 
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This type of producer has not been extensively utilized in 
America as the expense of installation is increased by the neces- 
sity of washing a very large volume of low grade gas, the volume 
of gas per ton of coal consumed in the producer being about 
130,000 cu. ft. against about 10,000 cu. ft. per ton of coal as 
distilled in the coke oven. 

A number of these plants have been installed in England 
and on the continent, but the aggregate of the ammonia sul- 
phate produced is not large as compared to that from coke 
ovens and gas house retorts. 7 

Available Nitrogen in Commercial Products. The question of 
the available nitrogen in the various compounds has in a mea- 
sure determined the price of the product, the utilization in the 
fertilizer art being practically the basis of fixing the price. 
For a number of years it has been assumed that the selling 
' price of combined nitrogen would be from 12 cents to 13 cents 
a pound. Thus Chile saltpeter being about 95 per cent pure 
nitrate of soda would have a theoretical nitrogen content of 
about 16.5 per cent or corrected for impurities would have about 
15.5 per cent nitrogen. 

As the cyanides until recently were not used directly in the 
fertilizer art and were combined with more expensive products, 
their price has not been regulated by their content of combined 
nitrogen. Тһе ammonia used in the fertilizer art is almost 
entirely used as sulphate of ammonia, on account of the cheap- 
ness of the commercial sulphuric acid and the ease of manu- 
facture, and this product would therefore have a theoretical con- 
tent of 21 per cent of nitrogen. 

The above nitrogen products may be considered the funda- 
mental commercial forms in which combined nitrogen enters 
the market, and while the fertilizer industry fixes the price of 
combined nitrogen, it is only one of the many industries in which 
vast quantities of nitrogen are utilized. Thus about 50 per cent 
of all the Chile saltpeter imported in this country is used in thc 
manufacture of explosives, while an additional 25 per cent is 
utilized in the arts requiring nitric acid. Of the ammonia sul- 
phate, a very large percentage is used directly as fertilizer, 
though there is а very considerable demand for use in chemical 
industries апа such commercial applications as anhydrous and 
aqueous ammonia used in the refrigeration art. Practically 
all explosives have utilized nitrogen compounds as a principal 
ingredient. Тһе earlier black gun powder having used Chile 


342 SUMMERS: ATMOSPHERIC NITROGEN [March 12 


saltpeter, charcoal and sulphur and the later so-called smoke- 
less powder utilizes the oxygen carrying property of nitrogen 
as well as the inherent molecular energy іп the production of 
such high explosives as nitroglycerin, cordite, lydite, mellenite, 
gun cotton and various other nitro-cellulose compounds, and 
modified explosives used in industrial work, such as dynamite 
and various blasting powders. қ 

Fixation Processes. In considering the fixation of atmos- 
pheric nitrogen from 4 eommercial standpoint, the limitations 
will be imposed by the selling price of the natural product from 
Chile, covering nitrate compounds, and the selling price of am- 
monia sulphate as obtained from coal distillation, affected as 
these prices will be by the manufacture of ammonia from at- 
mospheric nitrogen. | 

In competition with the above sources of nitrogen there has 
been the constant effort toward the fixation or rather the utiliza- 
tion of some of the vast quantity of atmospheric nitrogen sur- 
rounding us. 

A list of these fixation processes would contain the names of 
hundreds of investigators, and from the past twenty years of 
effort there may develop processes which at present are still 
experimental; but of the various processes which have reached 
the state of commercial application there appear to be four 
distinct lines of development. 

First. The production of nitric acid directly from the at- 
mosphere by means of the electric arc. In this process the 
nitrogen of the atmosphcre is directly combined with its ac- 
companying oxygen without utilizing any other chemical sub- 
stances, the process consisting essentially of a powerful arc fur- 
nace through which air is forced, causing at this high tempera- 
ture the nitrogen to combine with the oxygen forming nitric 
oxide, NO. 

Second. Methods of fixing nitrogen by means of electric fur- 
naces or combustion wherc the energy of chemical combination is 
utilized causing the nitrogen to combine with some substance with 
which there is a pronounced energy of chemical combination. 
These processes include furnaces utilizing calcium carbide with 
which nitrogen readily combines to form calcium cyanamide 
CaCN., and various processes for making combinations of 
nitrogen and a basic or alkaline earth metal such as calcium 
nitride, СазМ», or magnesium nitride, МОзМ», or aluminum 
nitride, AIN, the chemical action usuallv forming a nitride or 
carbo-nitride. 


1915] SUMMERS: ATMOSPHERIC NITROGEN 343 


Third. Processes for producing ammonia, МН, directly from 
nitrogen and hydrogen. These include the effort to use the 
various forms of electric discharge by which the nitrogen mole- 
cule may be decomposed and in the presence of hydrogen, form 
ammonia. As ammonia decomposes at a very low temperature 
(500 to 1000 deg. cent.) only the silent discharge seems avail- 
able, and the yields are not commercial. Тһе most promising 
of all direct ammonia processes seems to be that of Haber. In 
this process, a catalytic agent is used and under a heavy pressure 
the nitrogen molecule is decomposed and united to the hydrogen 
thus forming ammonia. Salts of uranium seem to be preferred 
as the catalytic agent and have the power of acting on nitrogen 
at a temperature of about 500 deg. cent. 

Fourth. Production of a high temperature by combustion 
utilizing either catalytic agents or simply by producing a high 
temperature by means of the explosion or combustion of gases 
directly combining the nitrogen and oxygen to form nitric oxide, 
NO. This method early used by Bunsen in the combustion 
of hydrogen to form water has been applied to coke oven gases 
by Hausser. A bomb is used and the mixture of gas and air is 
fixed electrically, the small amount of NO formed is recovered 
and converted into nitric acid, HNOs. 

The chemical form in which the commercial supplies of 
combined nitrogen appear on the market is due largely to 
existing commercial conditions. The nitric acid combined as 
sodium nitrate occurs in this form simply on account of being 
naturally produced in this form. The ammonia appears on the 
market as ammonia sulphate largely on account of the cheapness 
with which sulphuric acid can be obtained, and the widely 
distributed plants for its manufacture, making it one of the cheap- 
est and most convenient forms of combining with ammonia. It 
is probable that in commercial nitrogen fixing plants, if both 
ammonia and nitric acid are manufactured, one of the most 
convenient forms for marketing this product will be by using 
nitric acid in place of sulphuric acid making ammonia nitrate, 
МОзМН,. This product is on the market at present but is only 
manufactured from sodium nitrate and from ammonia, or in 
some of the plants where nitric acid is manufactured, ammonia 
is shipped to the nitric acid plants to be manufactured into 
ammonia nitrate. The advantage of ammonia nitrate is that 
it has a nitrogen content of 35% in this respect being a much more 
concentrated nitrogen product either for the processes of manu- 
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facturing other compounds of nitrogen or for use in the fertilizer 
industry. | 

Physical Limitations and Those Fixed by Natural Sources. The 
competition with natural sources will fix the commercial limita- 
tions or selling prices for these various nitrogen compounds and 
in considering the possible developments of the processes it will 
be interesting to see to what extent they have definite theoretical 
limitations, as these will greatly affect any comparison of pos- 
sibilities. Before considering in detail these processes we might 
endeavor to investigate whether our present conception of the 
physical and chemical reactions involved impose real limitations, 
or whether there is an uncertain boundary which further de- 
velopments may encroach upon, perhaps. thus continually im- 
proving the efficiency and possibilities commercially. If for 
instance the nitric oxide processes which utilize only 2 per cent 
to 4 per cent of the energy supplied to the furnace are limited to 
this amount by the incfficiency of the apparatus, there is much 
greater possibilities of development than would be the case if 
the process has definite physical or thermodynamic limitations, 
and the present apparatus utilizes a favorable percentage of this 
possible ultimate limit. То some.extent these theoretical limita- 
tions are not always sharply defined, and research will extend 
this horizon, but we may determine some of these limitations 
quite definitely. 


II. THEORETICAL LIMITATIONS 


As we are considering {1115 subject from its engincering aspects, 
it may be excusable to examine some of the theoretical limita- 
tions imposcd by the laws of physical chemistry, and in reviewing 
what may be termed elementary formula, it is interesting to note 
that the investigation of these theoretical limitations has been 
of fundamental importance to physical chemistry in extending 
the application of the laws of chemical dynamics. | 

Molecular Inertness of Nitrogen. The elements carbon, C, 
and nitrogen, N, possess a marked similarity in the fact that the 
molecule of each is composed of two or more atoms united to- 
gether with a bond representing a large amount of energy. 
Nitrogen, having an atomic weight of 14, has a normal mole- 
cular weight of 28, indicating two atoms to the molecule, and 
in this molecular form it occupies 79.2 per cent of the volume of 
the earth's atmosphere. To separate this molecule into its 
constitutent atoms and cause these atoms to combine with other 
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elements is the problem of the fixation of nitrogen. Unless 
combined in the atomic form, the enormous bond between the 
atoms causes them to combine upon themselves into the inert 
form of molecular or atmospheric nitrogen. The ordinary com- 
pounds of nitrogen are formed only by the expenditure of a 
large amount of energy, the union of molecular nitrogen, М», 
and molecular oxygen, О», to form nitric oxide, NO, being rep- 
resented by the formula, 


М, + O: = 2NO = — 43,000 calories 


Or in other words, to form one gram molecule of nitric oxide, 
NO, requires the expenditure of energy amounting to 21,500 
calories. | 

The general similarity to carbon in this molecular inertness 
makes an interesting comparison. 


Thus 
| С. + О» = 2 CO = 58,000 calories. 


2 CO + О» = 2 CO, = 134,000 calorics. 


The formation of one gram molecule of CO therefore represents 
the liberation of 29,000 calories while the formation of one gram : 
molecule of CO, from CO represents 67,000 calories or a total 
of 96,000 calories in the formation of CO, from the original 
elements C and O. When amorphous carbon therefore is caused 
to assume the gascous condition and unite with a molecule of 
oxygen there is liberated 29,000 calorics but after assuming this 
"condition in which the molecule is no longer composed of the 
inert carbon molecule, a second gram molecule of oxygen 
unites with the CO and liberates 67,000 calories additional. 
The second molecule of oxygen therefore liberates 38,000 cal- 
ories more than the first molecule, and as the oxygen molecules 
were alike this energy represents the bond uniting the carbon 
atoms and the energy necessary to break down the bond between 
these atoms and produce a gaseous condition from the amorphous 
condition. 

Returning to the nitrogen molecule, it is apparent that the 
formation of the gram molecule of NO requires 21,500 calories 
in comparison to carbon liberating 29,000 calories to form СО; 
that is, the nitric oxide reaction is endothermic while the carbon 
monoxide reaction is exothermic. Upon adding a second mole- 
cule of oxygen to the nitric oxide to form the peroxide we find, 


2 NO + О» = 2 МО, = 27,000 calories 
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or 13,500 calories pcr gram molecule are liberated after previously 
expending 21,500 calories to form NO. Since therc is liberated only 
13,500 calories upon adding a second molecule of oxygen, the nct 
energy required to form the NO» would be 8000 calories. Тһе first 
molecule of oxy gen required 21,500 calories whercas the second 
required only 8000 calories, so that 13,500 calories were required 
by the nitrogen molecule to prepare it for combination with the 
oxygen. 

Dynamic Equilibrium. These heats of combination developed 
by the atoms combining upon themselves indicate a very stable 
or inert molecule, and in liberating this energy to assume this 
more stable form the forces exerted are of large magnitude. 
It is readily apparent from this for instance how carbonaceous 
gases can readily form soot and cinders and other amorphous 
forms, when the union with oxygen is disturbed, as the tendency 
of the atoms to unite with oxygen or to form carbon molecules 
will depend upon an adjustment of the surrounding conditions. 
This ever-changing condition of equilibrium 'constitutes the 
dynamic conception of equilibrium displacing the static equili- 
brium of the older theories of chemistry. In order to more 
‘carefully consider some of the theories that have been advanced 
it may be of interest to follow further some of the concepts of 
physical chemistry. The fact that the nitrogen atom has this 
strong tendency to combine upon itself with a liberation of 
energy greater than the combination with the oxygen atom, 
indicates that in any reaction when the combination with oxygen 
has made possible a changing of the atoms there will be ` 
continuously in progress an action and a reaction and the 
equilibrium will be indicated by the expression 


N: + Os 212.2 МО 


the sign of equality being displaced by the two arrows indicating 
that the action proceeds in each direction, that is, it is a reversible 
reaction, and the equilibrium will be dependent upon condi- 
tions, the two most important conditions being temperature and 
the active masses of the substances present. Considering first 
the effect of the active masses present, if it be assumed that the 
collision of molecules causes the re-arrangement of the atoms 
comprising the molecule, and that of these collisions only a cer- 
tain number will cause the re-arrangement to proceed in one 
direction, the re-arrangement will be greater the more fre- 
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quently the collisions take place, there being some ratio for cach 
individual case, and the collisions possible will obviously be pro- 
portional to the concentration present, that is, the collisions 
will be proportional to the number of molecules present. With 
two substances present, the collisions will be proportional to 
the molecules of each present and hence to their product. 

The Velocity Coefficient. If Cı and С; represent the special 
concentration of gram molecules present, the velocity of the 
reaction will be proportional to C,C2 or the velocity V of the 


reaction will be 
V = С, Cok 


where Р is a constant or coefficient to be determined for the given 
temperature. This velocity of reaction will proceed each way 
in reversible reactions, the concentrations of the molecules in 
the reverse action being represented by С,’ and Су” and the 
velocity of reaction by V’, the velocity of the reaction in the 
reverse direction will be 


ү’ == Cy Ch! 


where k’ is the velocity constant to be determined for the re- 
verse reaction. BC 
The Equilibrium Constant. The chemical driving force for 
any reaction will continually diminish as the reaction approaches 
equilibrium, or the velocity of the reaction will diminish as equilib- 
rium is approached, and when equilibrium 15 reached V will 
equal V' and 
F ЕСІ Ce = ЕСІ C 


This dynamic equilibrium indicates that as much reactive sub- 
stance is being formed in a given time as is being decomposed, 
and a fixed relation therefore results, but the reactions have not 
ceased, only the velocities have equalized, and the driving chem- 
ical forces are incapable of making any further change in the 
reacting substances unless the velocity in one direction or the 
other is changed. In this state of equilibrium the ratio between 
the velocity coefficients or constants is 


bt VO! 


= = ilibri 
п СС; К = equilibrium constant. 


Or, as the concentration or active mass in any reaction increases, 
the velocity coefficient increases, and for each change in equili- 
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brium due to temperature change, there is a definite concentra- 
tion ratio represented by this equilibrium constant K. 

Partial Pressures. If the concentration of a given molecule 
is C and the collisions of the molecule are proportional to this 
concentration, if there are two molecules the collisions between 
the two similar molecules will be C times as great as one molecule, 
or C?. As the total pressure of a mixture of gases is the sum of 
the pressure of each gas, and by Avagadro’s hypothesis the 
pressure is proportional to the number of molecules in the given 
space, the concentrations instead of being represented by gram 
molecules C may be expressed as partial pressures p, and equili- 
brium will be represented by the ratio of the partial pressures of 
the gases. Thus two molecules of NO will have the pressure 
Ро while py and po may represent the pressure of N and О. 
At equilibrium the constant K will then become 


and for any pressure and volume the familiar equation 
PV = RT 


will represent the work done. Where Р 16 the pressure, V the 
volume, R the gas constant, and Т the absolute tempcrature. 
The work done in the reaction 


Ne + Os = 2 МО 


will consist in taking one molecule of N from the pressure p and 
transferring to the pressure P also one molecule of O from the 
pressure p, to pressure P, and offsetting this work will be the 
transferring of two molecules of NO from pressure Румо to fuo 
when the pressure of a gas at constant volume is increased by the 
infinitely small amount dp, the corresponding work done dA will 


be 
dA = ару 


The Maximum Work. If we substitute for V its value from 
the equation 
pV = RT 
we have 
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and 
RTdp | 


dA = 
p 


and for the work done between the limits of pressure p and P we 
have 3 


where іт is the natural logarithm. For the work done in forming 
the NO at a temperature Т, we will have 


N + O - 2NO 


_ Pn Po | Pro 
A = RTin P, + ЕТ P. 2 RTin P. 


о NO 


or simplifying and assembling the initial pressures and the final 
pressures in separate terms, we have for constant. temperature 


Pao 
Py Po 


А = RTin бе + RTIn 
NO 


But the first term represents the initial pressures or the work 
done on the initial condition of the materials, and we are not 
called upon to furnish this energy, the change of energy being 
represented only by the second term 


Р? 


RTIn РЕР, 


This quantity Py 15, е the ratio of pressures or 


Py P, 
concentrations represented by the equilibrium constant K and 
hence the work done at any given temperature may be repre- 
sented by the equation 


A = ЕТІіпК 


Vant Hoff has applied this type of fundamental equation to 
a wide range of reactions and by means of the second law of 
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thermodynamics has made it applicable to temperature and con- 
, centration changes in which the latent energy plays an important 
part, for in these reactions the product of the specific heat by 
the temperature no longer represents the heat transfer. 

Vant Hoff's Fundamental Equation. The second law of thermo- 
dynamics expresses the relation of A, the maximum work pos- 
sible at a temperature Т, and U, the decrease in energy of the 
system in relation to the ratio of change of A with the tem- 
perature T, the equation being 


ABSOLUTE TEMPERATURES. T. 


2 3 
PERCENTAGE OF МО. Х. 
Fic. 1 


Substituting in this the value of A and obtained from the 


equation A = RTinK 


we have when both A and /n K change with the temperature Т 


dA | dink 
and hence 
dink 
U = — RT? dT 


which is Vant Hoff's fundamental equation for chemical reac- 
tions in which the heats of reaction U are important factors and 
both the temperature and concentrations may be variable. 
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The quantity U, which in thermodynamics represents the de- 
crease in energy of the system, may here represent the energy 
of chemical combination, which changes very little with changes 
of temperature and is generally designated as Q, and in the case 
of nitric oxide it has the value 21,500 calories per gram mole- 
cule; so the equation becomes 


dinK 
43,000 = — RI'-ATO 


and when using the air as a source of nitrogen in which the nitro- 
gen content is 79.2 per cent and the oxygen 21.8 per cent and 
letting x represent the percentage of NO formed, as š x will be 
from the nitrogen and 3 x from the oxygen, the equilibrium con- 
stant K will be 

К = 


x? 
x x 
(79.2 u 3) ( 20.8 — =) 


Nernst's Determinations of Equilibrium. Nernst and his 
assistants determined x for a number of temperatures, the cal- 
` culated and observed values being as follows: 


T. X (Obs.) X (Calc.) Observer 

1811 ‚ 0.37 0.35 Nernst 

1877 0.42 0.43 Jellinek 

2023 bt. 0.52 and 0.80 0.64 Jellinek 

2033 0.64 0.67 Nernst 

2195 0.97 0.98 Nernst 

2580 2.05 2.02 Nernst-Finckh 
2675 2:23 2.35 Nernst-Finckh 


Nernst’s calculations of x or equilibrium volumes in per cent of 
NO, using air at temperatures of 1500 deg. T to 3200 deg. T 
are plotted in Fig. 1. 

Rapidity of Dissociation. Nernst and Jellinek also determined 
the rapidity with which the NO is decomposed or dissociated 
at the various temperatures and these experiments showed that 
the tendency of NO to revert to molecular N and O is very 
slight below a temperature of 1500° C but increases very rapidly 
with the temperature so that the time of withdrawing the pro- 
ducts through the varying zones of heat in the electric arc is 
sufficient to effect a large amount of dissociation. In order 
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to avoid this dissociation a rapid movement of the air through 
the arc or the arc through the air is desirable, and this in turn 
causes increased radiation and convection losses, so the maxi- 
mum possible temperature of the arc is not obtained and hence 
_ there are imposed very distinct limitations to the yield of NO. 

Haber's Theory of Ionic and Electronic Collisions. Haber and 
Koenig investigated the possibility of utilizing lower temperatures 
in the arc to avoid dissociation by enclosing the arc in a water 
cooled quartz tube whereby moderate temperatures were pre- 
served. In place of the molecular collisions we have assumed 
above as due to the thermodynamic condition of the gas, they used 
a vacuum and endeavored to utilize the kinetic energy from the 
` rapid motion of the ions and electrons liberated by the arc stream 
under these conditions. Habor considered it possible to inc rease 
the thermodynamic concentrations about 50 per cent. His tests 
indicating that using a temperature of 3000 deg. cent. it was 
possible to show 10 per cent concentrations of NO which would 
correspond to a temperature under the thermodynamic equili- 
brium of 4300 deg. cent. Haber gives a table showing the effect 
of various mixtures of N and O when working with the in- 
creased mean free path of the molecules due to a vacuum of 
100 mm. of mercury. In his work Haber prefers to use the 
square root of the equilibrium constant K we have used above, 
thus enabling the partial pressures of the resulting substances 
to be read direct, while the partial pressures of the ingredients 
are expressed as square roots of the pressures. 

Haber's table for а pressure of 100 mm. is as follows: 


Gas mixture | К- 
(NO) Thermodynamically 
———————| calculated absolute 
Оз per cent | № per cent| percent NO/(n,) $(Q,)$| temperature by 


Haber Nernst 


Air 20.9 79.1 9.8 0.284 4365 4334 
Half-half 48.9 51.1 14.4 0.337 4686 4650 
mixture 44.4 55.6 14.3 0.337 4686 4650 
Reversed air 75.0 25.0 12.8 0.357 4805 4767 
mixture 81.7 18.3 12.1 0.397 5042 5000 


The yields of NO per kilowatt hour obtained by Haber were 
unsatisfactory and the complications of small water cooled tubes 
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and working under a vacuum of 100 mm. have not justified com- 
mercially the higher concentrations of NO he obtained. 

Commercial Processes now in Use have Distinct Limitations. 
We may assume that up to the present the processes in com- 
mercial use are limited strictly by the thermodynamic equili- 
brium of the Vant Hoff equation. As the volume of gases when 
working with low concentrations of NO are considerable, the 
radiation and convection losses as well as the transfer of sensible 
and latent heat from the arc to the gases lower very materially 
the temperature of the arcs, and the yields therefore indicate 
an average working temperature of 2200 deg. cent. to 2500 deg. 
cent., or concentrations of 1.5 percent to 2 per cent NO when 
working with air. These theoretical limitations of the direct 
process of forming NO have therefore led to many efforts to 
dissociate the nitrogen molecule by other means. | 

Sources of Chemical Energy. Naturally the sources of chemical 
energy have offercd a most fruitful field but like the synthesis 
of carbon compounds a considerable elevation of temperature 
is necessary before the chemical energy becomes effective enough 
to break the bond of the nitrogen molecule. At these elevated 
temperatures practically all elements or compounds which re- 
lease sufficient energy to combine with nitrogen have a greater 
combining power for oxygen so the processes cannot be con- 
ducted with air but involve the separation of the nitrogen from 
the oxygen of the air as a preliminary step. The compounds of 
nitrogen thus formed do not thercfore include the oxides of 
nitrogen. “Тһе common elements exhibiting the most pro- 
nounced tendency to combine with nitrogen are calcium (Ca), 
magnesium (Mg), aluminum (Al), boron (B) etc. The carbides 
of a large number of metals also exhibit a pronounced tendency 
to combine with molecular nitrogen when heated. 

The great advantage from a theoretical standpoint in utiliz- 
ing these processes is that the reaction with nitrogen may be 
made more complete as equilibrium may be continually dis- 
turbed by withdrawing the compound of nitrogen formed or 
by presenting to the nitrogen to be combined fresh combining 
surfaces of the substance and the action may be caused to pro- 
ceed practically quantitatively thus avoiding heating large 
quantities of materials which are inert to the reaction. А vast 
field of research is opened by these possibilities as very few of 
the equilibrium figures have been determined, and it is almost 
certain that direct combustion methods may eventually be 
evolved along these lines. 


354 SUMMERS: ATMOSPHERIC NITROGEN [March 12. 


The experimental data are so meager that no theoretical limi- 
tations can be placed. The reactions assume unusual importance 
however on account of a wide application in the arts. This may 
be best illustrated by considering the formation of calcium 
. carbide, CaC;, in relation to its three reversible reactions, namely 


(1) CaO +3C << CaC, + CO 
(2) CaC > Са +С _ 
(3 Сао +С — Са +СО 


сс 
There аге here six substances, some in solid form, some in liquid 
and some gaseous (molecular and atomic) and it is evident that 
the temperature will have a marked influence on the equilibrium 
which will exist, and the reaction will be greatly affected by very 
minute changes, for the partial pressure of the gases will be sud- 
denly changed by such conditions as the carbon released in a 
gaseous state immediately combining to form amorphous carbon, 
or the metallic calcium vapor combining with the oxygen re- 
leased by the CO to form calcium oxide which immediately 
precipitates as a solid. The fact that calcium oxide which is 
most refractory, can be vaporized at a temperature of 1600 deg. 
cent. to 1890 deg. cent. in the sense that the calcium is 
vaporized and decomposes CO to again precipitate СаО 
is one of the actions similar to the fumes іп smelting 
furnaces which accounts for a heavy loss of metal at tem- 
peratures not ordinarily capable of producing fusion. When 
nitrogen is inserted in a reaction of this kind, there are im- 
mediately formed complex carbon-nitrogen compounds, but the 
action of the oxygen present is to dissociate these, allowing the 
nitrogen to combine into the molecular form and the metal to 
precipitate from the fume as a minute particle of metallic oxide, 
the carbon precipitating as amorphous carbon in the form of 
soot, as all of these reactions liberate a large amount of energy. 
The temperature of these reactions is from 1500 deg. cent. to 
2000 deg. cent. and is therefore well within the range of combus- 
tion methods if the combustion could be in contact with the 
substances as in the blast furnace, but the presence of the oxygen 
necessary for combustion prevents the formation of nitrogen 
compounds. 

The effect of partial pressures in these reactions is of funda- 
mental importance. The active mass of a solid is constant and 
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hence at the boundary surface where the solid and gases meet 
there is a high velocity of reaction. Equilibrium will be pro- 
duced either by the solid forming a coating of the compound which 
will place it in equilibrium or by the pressure of the gases genera- 
ted from the reaction producing a condition of equilibrium. 
Taking the familiar calcium carbonate reaction as an illustration, 


СаСоз2-> СаО + СО; 


There being two substances in the solid state and one in the 
gaseous, the equilibrium constant K will be 


K = CaO Ж СО; 
dii CaCO; 


where CaO and CaCO, are the very slight vapor pressures of the 
solids, that is the sublimation pressures, which іп practice are 
too small to measure. Тһе pressure of the СО» will be practi- 
cally the total pressure, and as this varies, the velocity constant 
K will vary and hence for any temperature there is but one pres- 
sure for equilibrium. LeChatelier measured the temperatures 
and pressures of the above reaction over a wide range and found 
a variation in the temperature neccessary to produce the re- 
action of from 547 deg. cent. at 27 mm. pressure, to 865 deg. at 
1333 mm., or in other words, equilibrium could be produced 
through a range in temperature of 60 per cent., and at one point 
a change of two degrees necessitated a change in pressure of 
over 10 per cent. in order to restore equilibrium. Rothmund 
found the equilibrium pressure of CO in the carbide ot calcium 
reaction to be 250 mm. at 1620 deg. cent. If the CO pressure 
was raised above the equilibrium figure at this temperature CO 
was absorbed and no carbide was formed. By inserting inert 
gases so the CO was diluted and its partial pressure reduced, the 
temperature of the formation of carbide was varied over 20 per 
_cenc. These results all indicate that for the nitrogen reactions, 
the actions and reactions must not only be subject to accurate 
temperature regulation but the partial pressures must be con- 
trolled and it is probable that definite zones of reaction must be 
maintained. The present commercial applications such as the 
Serpek and cyanamide process prepare the compounds of nitro- 
gen by causing the nitrogen to react largely with the solid mas- 
ses and thus avoid many of these complications due to the 
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vapor processes, or variable minute pressures of sublimation.. 

By substituting the resistance furnace for the arc and reducing 
. the metals in the presence of nitrogen thus forming nitrides or 
forming carbides and treating these in the presence of nitrogen, 
there have been developed a number of processes which have 
been commercially applied. 


III— DESCRIPTION OF PROCESSES 


Three processes which have been commercially applied for 
directly preparing nitric acid from atmospheric nitrogen are 
first, Birckland-Eyde; second, the Schonherr; and third, the 
Pauling. These are diagrammatically shown in Figs. 2, 3, and 5. 
Fundamentally all operate on the same principle of forcing air 
into intimate contact with a high-tension are and withdrawing 
the product nitric oxide, NO, as directly and rapidly as possible 
in order to reduce the amount of decomposition of the resulting 
product. Ав these processes have been repeatedly described 
in detail in the technical press, we will confine our attention to 
general comparisons. 

. Birckland-Eyde Process. Тһе Birckland-Eyde furnace, il- 
lustrated in Fig. 2, has been the most extensively used. Its 
most distinctive features are the use of the magnets A which 
distort the arc into a series of great wheels of flame, extending 
radially outward from the electrodes Е located normal to the 
paper in Fig. 2. The air enters through the conduit C andis 
distributed to the arc through the holes іп the firebrick lining. 
The products are withdrawn from around the periphery at D. 
The voltage of 10,000 volts is reduced by an inductive reactance 
coil to about 5500 volts across the electrodes. The alternating 
current of 50 cycles establishes the arc across the U-shaped 
water cooled electrodes E, spaced about 0.8 in. (8 mm.) apart 
and a flow of current takes place across this ionized path, the 
electrons formed being repelled by the intense magnet field of the 
direct current magnets, А, and their discharge radially outward 
causes the arc stream to follow until 1t 1s deflected outward in a 
great semicircle. Ав its length is thus increased the potential 
across the electrodes rises and a second arc 15 established, the 
effect being to make a series of rapidly expanding arcs which are 
expanded across the entering air spaces. Ав the arcs travel 
radially outward the contact of the ionized arc stream with the 
incoming air disrupts the nitrogen molecule and causes the 
formation of NO, and the gaseous products travel rapidly to the 
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periphery of the furnace where they are withdrawn at an average 
temperature of about 1250 deg. cent. The earlier Eyde fur- 
naces were of 300 kw. capacity and gave a concentration of 
about 1.5 per cent NO and a yield of about 500 kg. of nitric 
acid per kw. per year. The more recent furnaces are of 3000 kw. 
capacity and give concentrations of about two per cent NO anda 
yield of 580 to 600 kg. of nitric acid per kw. per year, or 65 to 
70 grams of nitric acid per kw-hr. | | 

Schonherr Process. Тһе Schonherr furnace (Fig. 3) consists 
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Fic. 2—BIRCKLAND-EYDE FURNACE Ес. 39—SCHONHERR FURNACE 
A, core; B, windings; C, gas entrance; D, exit. 


of a long iron pipe 4 having an electrode Е inserted іп the bottom 
and the tube itself is the other electrode, the distinctive feature 
of the process being that an alternating current at 4500 to 5000 
volts maintains an arc of from 23 to 25 feet (7 m. to 8 m.) 
The furnace is started by forming an arc from the lower elec- 
trode to the wall of the iron pipe by means of a lever Z, a blast 
of air is then admitted to the pipe, whereupon the ionized gases 
are caused to ascend and carry with them the arc stream. In 
this way the arc is caused to travel toward the upper end of the 
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tube where it is maintained. In practise, the air stream is ad- 
mitted in a tangential direction causing a whirling motion to 
be imparted to the air surrounding the arc, this creates a vortex 
motion causing the arc to be surrounded by the cooler air and 
thus protects the iron pipe which is wholly unlined. The rapid 
passage of the air maintains an ionized path for the arc stream 
and the are burns quietly. The products are withdrawn from 
the upper end and pass downward through the passes J to the 
outlet D. Previous to being withdrawn they are cooled by the 
water coooler and are further used to preheat the entering air. 
The temperature of the exit gases is about 850 deg. cent. 
Provision is made for preheating the air by passing it upward in 
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the space 2 of the casing and then downward to a point opposite 
the electrode. Тһе largest furnaces are of 800 kw. capacity 
and maintain an arc about 23 ft. (7m.)long. They give an NO con- 
centration of about 2.25 per cent and a yield of 550 to 575 kg. 
per kw-year or 65 grams per kw-hr. 

Pauling Process. Тһе Pauling furnace (Fig. 4) establishes 
an a-c. arc of 4000 volts between two curved horns much after the 
pattern of the horn type lightning arrester. This arc when 
established is driven upward by a blast of air admitted at B 
and is disrupted by the diverging horns. А sheet of arc flame 
is maintained by re-establishing a new arc as the previous one 
is elongated. Тһе effect is to create an arc flame about 30 in. 
(75 cm.) high and to have this flame in intimate contact with 
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the rapid moving air used to blast the arc flame. Two fur- 
naces are usually operated together and to assist in a rapid cool- 
ing of the products a portion of the previously heated or partially 
cooled discharged gases are admitted to the top of the furnace. 
The arc is established by the high voltage breaking down the gap 
between narrow blades C located іп the horn gaps, and as these 
wear away they are continually advanced by the adjustments 
D. The percentage of NO obtained is 1.25 to 1.5 per cent in 
the 400 kw. furnace while the yields are 525 to 540 kg. per kw- 
year or 60 grams per kw-hr. 

Power Factor and Electrode Wear. In all these processes 
where the arc 15 distorted the power factor 15 about 70 per cent 
being about 5 per cent lower in the Schonherr type, apparently 
due to inductive effects of the iron pipe surrounding the arc. 
In both the Pauling and Schonherr furnaces the electrodes are 
adjustable and the air blast plays directly on the clectrodes 
necessitating this adjustment and also means of easy renewals. 
The Pauling blades last less than 24 hours, the Schonherr elec- 
trode is a straight rod of iron and is fed upward as it burns 
away. The Eyde water-cooled copper pipe not being directly 
in the path of the air blast lasts three to four wecks. In the 
operation of both the Evde and Schonherr furnaces a furnace 
is placed on each separate leg of the three-phase circuit so that 
six wires are used for each generator. In the installations that 
have been made the furnaces are connected direct without 
transformers, and as no parallel operation of generators is at- 
tempted a large number of cables are required between the power 
house and the furnaces. 

Efficiency апа Losses. It wil be noted that notwithstanding 
the radically different types of these furnaces there is not a wide 
divergency in the yields, the Schonherr furnace showing the 
highest concentration of NO while the Eyde probably produces 
a slightly higher output per kw-hr. All of these concentrations 
indicate that the maximum temperature of the arc is not uttlized 
but is very considerably reduced by the large amount of air 
admitted. If the temperature of the arc is raised by admitting 
less air there is a heavier decomposition of the products and all 
products are heated to a higher temperature with a correspond- 
ing loss, the net result being a lower yield per kw-hr. As the 
yield per kw-hr. 1s of fundamental importance, adjustments are 
governed accordingly. Тһе concentration of NO effects directly 
the apparatus for recovering the products, such as the absorb- 
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ing towers, and the lower the concentration of NO the greater 
the losses from heating the inert gases. The furnace efficiency 
will largely be determined by this factor. Let us take for ex- 
ample a concentration of 1.75 to 2 per cent NO and examine the 
distribution of heat. If we take the specific heats of a molecule 
of the diatomic gases as constant, there will be no difference in 
the specific heats per molecule of ЇЧ, О or NO, and taking a 
standard value for this we may calculate the heat energy ex- 
pended. Let us assume, following Haber, that for a change of 
temperature /, the specific heat per molecule will be 


6.8 + 0.0006 ¢ 


The gaseous products heated in the furnace with 1.75 to 2 
per cent NO concentrations will have, from Nernst constants, 
an absolute temperature of about 2500 deg. and the air would 
have an initial temperature say of 27 deg. cent. or 300 deg. 
absolute, so the arc would raise the temperature of the 100 
molecules through 2200 deg., or, 


sensible heat — 
100 (6.8 + 0.0006; x 2200dcg.) 2200 deg. = 1,786,400 calories. 


As two molecules of NO require a latent heat of formation of 
43,000 calories, the total heat will be 1,829,400 gram-calories; 
and as one watt hour equals 860 gram-calories the energy rep- 
resented will be equal to 2.12 kw-hr. for two gram-molecules 
of NO. Taking the atomic weight of М as 14 and of O as 16, 
the gram-molecule of NO will weigh 30 grams, so 2.12 kw-hr. 
wil form 60 grams of NO. 

If we mix this NO with air and water it will form nitric acid 
without requiring a further expenditure of energy, thus, 


2 NO + 130+ H.O = 2Н КО; 


and the 60 grams of NO will then become 126 grams of HNO;; 
the production of nitric acid will then be 126 grams per 2.12 
kw-hr. or 59.4 grams of HNO; per kw-hr. Of this expenditure 
of 2.12 kw-hr. the formation of the nitric oxide utilized 


43000 


1,829,400 = 2.35 рет cent, 


and the sensible heat imparted to the active gases to raise 
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their temperature to form two molecules of NO required 35,728 
calories, so this represented 


35,728 _ 

1,829,400 = 1.95 per cent, 
while the heating of inert nitrogen and oxygen or that portion 
of the air which was not utilized but which was heated to the 
furnace temperature was represented by 


Ee 95.7 per cent 

1,829,400 | | 

These calculations while open to some criticism on account of 
the uncertainty of the figures for specific heat and its change 
with temperature, closely approximate the conditions, and in- 
dicate that low concentrations of NO when formed from thermal 
reactions are extremely wasteful. If concentrations of 10 per 
cent NO are obtained with temperatures of 4200 deg. to 4300 deg. 
cent. the yields may be increased to 135 to 140 grams of HNO; 
per kw-hr., but the greatest saving in energy will result in 
utilizing other than purely thermal energy. While thermal 
energy may be produced more cheaply directly from fuel, its 
temperature possibilities are again limited by the inert gases 
of combustion if air is the source of these. 

Hausser has commercially applied a process for utilizing wk 
oven gases by means of anexplosion bomb. The amounts of excess 
gases may be limited and the intimate mixture of combustible 
and oxygen due to pre-compression of the charge permits of high 
combustion temperatures being reached. Fig. 5 shows this 
bomb having a capacity of 1600 cu. cm. The gases, either 
illuminating or coke oven gases, enter through the inlet after 
previously exhausting the air by means of the air pump outlet. 
Means are provided at A for injecting under high pressure a 
spray of water to cool the products as quickly as possible. The 
ignition takes place at 2 by means of a high-tension spark and the 
explosion 1s propagated outward from this point and the vapor 
condenses on the enamel lining of the bomb. 

With this device Hausser obtained a temp of 2100 T and 
concentrations of NO of 0,5 per cent. The temperature cal- 
culated from the assumed figures for specific heat indicated a 
concentration of 0.3 per cent for equilibrium by the Nernst 
calculation and Hausser sought to explain this increase of yield 


e 
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as due to a chemical reaction induced by photo-chemical effects 
similar to the ionization by ultra-violet or actinic rays of light. 
The maximum yields were 99 grams of HNOs per cu. m. of gas, 
or equivalent to 6.2 lb. of HNO; per 1000 ft. of gas. А commer- 
. cial plant on this system has been installed in Germany. This 
low concentration of NO greatly complicates the commercial 
application as the absorbing devices are more cumbersome and 
the percentages of loss are higher. 

Method of Utilizing NO. All of the above nitric acid processes 
utilize the reaction 


2 NO + O, — 230, 


Fic. 5—HaussER PROCESS 


which is an exothermic one for the formation of the peroxide, 
and if the temperatures are controlled, side reaciions can be 
prevented and equilibrium can be maintained with only a small 
percentage of NO remaining. The gases after leaving the fur- 
naces are usually carried through waste heat boilers where 50 to 
60 per cent of the heat is utilized for steam production. They 
are then cooled in aluminum pipe coolers and allowed to enter 
a gas holder where time is given to form the peroxide. The 
products then enter counter current absorption towers where 
the reaction with water forms 


2NO; + H.O = HNO; + HNO, 
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the nitrous acid HNO, is further oxidized and utilized to form 
HNO; in contact with the excess oxygen in the gases and with 
the absorbing water. The final recovery is usually made by 
circulating the gases through two towers of weak alkaline solu- 
tion, such as sodium carbonate and this is converted into sodium 
nitrate and into sodium nitrite, and recovered by evaporation, the 
final products are a combined nitrate-nitrite of sodium. A normal 
circulation over three absorbing towers gives an acid of about 
30 per cent concentration but this can be increased to 45 or 50 
per cent by recirculating over the first tower. Further concen- 
trations are usually made by evaporation. All of these processes 
are simplified by increased concentrations of NO in the initial 
reaction. About two to three per cent of the original NO is 
discharged in the waste gases from the absorbing towers. It 
will be noted that one great advantage of these processes is that 
they require the handling of only air, gas and water up to the time 
the nitric acid is formed in the absorbing towers, so that the 
simplest handling devices suffice, and the labor is a minimum, 
also no chemicals are required until the final washing with the ` 
alkaline solution in the absorbing towers, and this may be a 
cheap solution such as lime water if conditions make it desirable. 

Cyanamide Process. Тһе very low yields, representing less 
than 5 per cent of the energy expended and amounting to 65 
kw-hr. per kg. of N fixed, naturally have turned attention to 
chemical reactions as a means of increasing the yields. One of 
the most important of these is the process for making cyanamide 
CaCN;. As а separate paper is to be presented here covering 
this subject, we will only generalize. 

The endothermic reaction and the heating of the materials 
entering into the calcium carbide reaction have an approximate 
theoretical value of 3.1 kw-hr. per kg. produced, whereas it 
requires about 4 kw-hr. to produce a kg. of 85 per cent calcium 
carbide in the best practise. For 100 per cent carbide it 
would require 4.7 kw-hr. and the efficiency 15 therefore, 


3.1 

Tr 66 per cent. 
The union ot carbide and nitrogen is exothermic when a sufficient 
temperature is reached so the actual expenditure of energy tor this 
reaction is not in excess of 0.1 to 0.2 kw-hr. additional for the 
fixation of the nitrogen. We require further the preparation 
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of the nitrogen, and the grinding of the carbide to prepare it for 
the nitrogen treatment. The cyanamide can be used directly 
in the fertilizer industry, but tor use in the chemical industries 
it must be decomposed to form ammonia, or if nitric acid is 
required it must be made from the ammonia by some process 
such as the Ostwald contact process. We may figure however, 
that the yield for a given amount of electric energy which amounts 
to about 16.6 kw-hr. per kg of N fixed, is from four to five times 
the yield of the direct nitric acid processes, while offsetting this 
is the cost of preparing the nitrogen, the cost of chemicals, the 
handling of materials at high temperature, and the many factors 
making up manufacturing costs. 

The Serpek Process. Тһе Serpek process is tvpical and has 
been quite extensively introduced commercially. Тһе reaction 
is represented by the equation | 


Al; Os + 3C + N, =2AIN + 3CO 


The reacting temperature for best results is claimed to be 1800 
deg. to 1900 deg. cent., but no effort is made to define the equilib- 
rium conditions and it is very evident that where CO enters so 
actively into the reaction the temperatures can be materially 
altered by а change in the partial pressures of the М and CO. 
One of the most interesting features of this process is that the 
impure Al;O; in the form of bauxite is fed into the furnace to- 
gether with coal and the sensible heat is therefore partially 
derived from the coal. Neglecting the specific heats of the 
solids, the endothermic reaction requires three kw-hr. per kg. of 
aluminum nitride, having an approximate content of 26 to 34 
per cent N; it would require therefore 9 to 10 kw-hr., per kg. of 
N under the best conditions if the coal and producer gas were 
capable of supplying all the heat energy required to produce.the 
required temperature 1n the gaseous and solid products. In the 
case of cyanamide it requires about 4 kg. of high grade carbide 
per kg. of nitrogen or a kg. of N requires 16 kw-hr. under favor- 
able conditions and about 0.2 kw-hr. for heating the carbide 
against 10 to 12 kw-hr.in the Serpek process. If all energy were 
supplied from the electric source the Serpek process would require 
practically the same electrical energy as the cyanamide process. 

There is a distinct advantage in being able to use producer 
gas in place of preparing purified nitrogen and there is a further 
advantage in conducting the process with one operation. In 
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practise Serpek uses a revolving barrel furnace of the resistance 
type the resistance consisting ofa squirrel-cage construction which 
continually agitates the material as it passes through. In 
all nitridereactions this is essential,as the materials become coated 
with a covering which protects the interior and prevents further 
absorption of nitiogen. бегрек feeds bauxite and coal from a 
producer type of furnace into this revolving electric furnace 
and the sensible heat is thus utilized to heat the material as it 
travels to the electric furnace the product is discharged from the 
electric furnace as aluminum nitride with a content of 26 per 
cent to 34 per cent N. 

The aluminum nitride can be treated with steam and the N 
converted into ammonia or the ammonia may be converted into 
nitric acid. Serpek claims a process for converting the nitride 
directly into nitric acid but no details are available. One draw- 
back to using Bauxite is that the resulting aluminum oxide is 
more difficult to use than the impure bauxite and the process 
does not work as economically, it is probable that some cheap 
catalytic agents may be found to substitute for the bauxite but 
otherwise the Serpek process should necessarily find its greatest 
application in connection with the reduction of aluminum. 

Haber-Catalytic Process. One other process which has at- 
tracted marked attention on account of the scientific eminence 
of its inventor as well as the commercial results obtained is the 
Haber process for the synthesis of ammonia directly from its 
components М and Н. This means that there must be a supply 
of these elements available or they must be cheaply produced. 
The reaction is an exothermic one producing 11,000 calories per 
gram-molecule so the problem is not so much the energy consump- 
tion as the peculiarities of the reaction 


N: + ЗН, = 2NH; 


The ammonia formed is practically decomposed at 750 deg. cent. 
it has been difficult to get any substance to react with the 
N at this low temperature, and while the nitrogen was made 
active toward many substances it was easy to decompose the 
resulting NH; into its constituent molecules and all yields ob- 
tained were too low to justify commercial results. Haber’s 
success seems due more to ingenuity in constructing his appara- 
tus and to the discovery of a suitable catalyzer than to any de- 
parture from previously known principles. Тһе fact that one 
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molecule of N and three of H form only two molecules of am- 
monia indicates that the volume occupied by the ammonia will 
occupy only one-half the space occupied by its constituent gases 
and hence this contraction of volume will be assisted by pressure. 
Habe: increased the pressure on the reacting gases to 200 atmos- 
pheres, and as а catalyzer he used uranium. Не found at 500 
deg. cent. he could react on the nitrogen and upwards of 8 per 
cent of ammonia could be formed before equilibrium took place. 
By using limited amounts of N and an excess of H the equilibrium 
pressures were adjusted well within the decomposition limits 
of temperatures and by withdrawing the gascs from the catalyzer 
as they reached ‘equilibrium the process was made continuous. 
The fact that decomposing ammonia creates a most destructive 
corrosive agent had to be met and the retorts had to be made 
strong enough to stand the effects of the high pressure, and also 
possible explosions, as hydrogen compressed to 200 atmospheres 
and heated to 500 deg. cent. is a most active agent in the pres- 
sence of impurities such as oxvgen, sulphur, etc. "The retorts 
can be made of very moderate size, and a number of them used 
and by heating internally with electric resistance the shells are 
not subject to the effects of temperature, so the process seems 
to have met with very pronounced technical success. "The 
consumption of energy for heating the gases is very slight as 
the exothermic reaction will compensate largely for the heat 
required to release this. 

The preparation of the N and H and the compressions to 200 
atmospheres will represent the greatest costs of production. 
It will be noted that all products are handled in the gaseous 
.condition, being most favorable for low labor costs. Тһе am- 
monia is extracted from the mixture of М and H by slightly 
cooling the gases until the point of liquefaction of ammonia 
is reached and the ammonia condenses out. Тһе remaining 
gases are passed back to the retort without sacrificing the orig- 
inal pressure of compression. Тһе work done оп the gases is 
thus reduced to a minimum and equilibrium can be continually 
disturbed by withdrawing the products without heavy losses. 
This process involves the expenditure of approximately 1.5 
kw-hr. per kg. of N and therefore represents the lowest consump- 
tion of energy of any of the fixation processes. 

From an engineering point of view the various processes must 
be considered from other than the technical standpoint, the 
question of particular application being the guiding considera- 
tion in most cases. 
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IV—TuHE Economics oF NITROGEN FIXATION 


Fertilizers. In considering nitrogen fixation and its relation 
to fertilizers we must remember it is only one of the three im- 
portant ingredients of fertilizers, the other two being phosphor- 
ous and potassium. It is possible to obtain nitrogen from the 
atmosphere and transfer it to the soil by means of nitrifying 
bacteria which may be cultivated by such plant life as the le- 
gumes, to which family belong the clover and alfalfa. These 
plants have a nodule on the stem which is the seat of the bacteria 
activity and if the plants containing this nitrogen are returned 
to the soil the soil may be enriched in nitrogen, but the crop 
must be sacrificed or partially so. When it is not desirable to 
plant these nitrifying crops recourse must be had to nitrogen 
in the form of fertilizer. Unfortunately all crops deprive the 
soil of fertility, and in the case of phosphorous and potassium 
converted into the crops, these must actually be replaced, or 
barren soil will eventually result. Each soil must be treated 
for the particular crop it 15 to bear and usually there are fixed 
mixtures which become standard for various crops. These mix- 
tures contain the nitrogen the phosphorous and the potassium 
in varying amounts. The output of nitrogen from a chemical 
works would ordinarily be shipped to these fertilizer manufac- 
turers unless the chemical works desired to manufacture the 
mixed fertilizers. 

Of all the processes we have considered the cyanamide is the 
only one which manufactures a product which is in a form to go 
into the fertilizer market direct. The nitric acid processes must 
unite the acid with some alkaline base such as sodium, lime or 
ammonia and the ammonia processes must unite the product 
with an acid such as sulphuric or nitric. The nitride processes 
can hardly afford to ship the nitride, as it is combined with an ore 
or base such as aluminum oxide which may be more desirable 
in the aluminum industry, as the fertilizer industry will pay 
only on a nitrogen basis. 

Prices of Nitrogen. In general the price of combined nitro- 
gen as we have seen, is fixed by the price of Chile nitrate. Thus 
if this sells for two cents per lb. and contains 15 per cent N the 
price per ІБ. оҒ М is 19.2 cents and this in turn would make 
the price of ammonia sulphate having 21 per cent of nitrogen 
2.7 cents per lb. These have been current prices. In consider- 
ing the production of nitrogen products, it would seem that 
while these prices control nitrogen for the fertilizer industry, 
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it would be desirable to produce if possible products which are 
manufactured from these crude products, and thus avoid com- 
petition with the natural products direct. Nitric acid of com- 
merce is manufactured from soda nitrate by treatment with 
sulphuric acid, about 72 per cent ot the sodium nitrate being 
nitric acid. Ав the by-products of this operation only partially 
pay.the costs, the manufacturing costs leave the nitric acid 
with a value of 50 per cent over the value as nitrate. Hence a 
chemical works could afford to produce nitric acid when thev 
could not afford to add a manufacturing cost to produce a fer- 
tilizer from the nitric acid and then sell it in сотрелиоп with 
the crude Chile nitrate. | 

А large portion ot the phosphate rock of this country is treaced 
with sulphuric acid to form the so-called super phosphates. 
If nitric acid is used in place of sulphuric acid the super phos- 
phate can be produced at the same time as a tertilizer of lime 
nitrate, or if preterred a high concentration of phosphoric acid 
сап be produced from lower grade phosphate rock. Industries 
of this kind promise more favorahle results commercially than 
does the direct pioduction of fertilizer. If low grade products 
are manufactured at close prices a very large volume of business 
is a necessity and works of this character and magnitude are 
more apt to be a result of successful development rather than 
an initial venture in a field beset with uncertainties as tothe 
profits and the chances of a development of other processes 
reducing these if they are problematical. 

Costs of Making Products. Let us consider more in detail 
some of the cosis. We may assume approximately that the 
labor and repairs in furnace room and absorbing tower will 
cost $10 per ton of nitric acid and if nitric acid is selling for 
$60 per ton, we have a margin for power cost, interest, general 
expense, etc. of $50, and if we produce 500 kg. of acid per kilo- 
watt year it will require two kw-yr. per metiic ton or $25 per 
kilowatt-year, and we must absorb all interest charges and 
general expense іп this. If the yield can be made 550 kg. per 
kilowatt year and we can sell for $60 pcr short ton, we will 
require 1.8 kw-yr. or 828 per kw-yr. We must assume that 
the product does not have to be packed for shipment and that 
there are no selling costs involved, and we must figure on an 
output so that our units may be large enough to bring the in- 
vestment in plant down to $80 pet ton of acid so the annual 
charge may be $8 or net $20 per kilowatt-year, and if $5 are 
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allowed for general expense the best we can do will be about 
$15.00 per kilowatt-year. 

We see it would be hopeless to attempt to put this acid into 
a product to compete with the fertilizer prices, for they are some 
50 per cent lower in selling price, and it will involve a cost tor 
some raw material to mix with the acid, the cost of manufacture 
and a packing and shipping charge. We must then abandon 
any idea of making fertilizer from nitric acid prepared by the 
direct oxidation of atmospheric nitrogen in the electric arc until 
such time as we can improve the very low efficiency due to the 
thermodynamic limitations of the reaction. We can only hope 
to utilize this process in the manufacture of nitric acid coupled 
with some other product which will procure for it a higher price. 
There is for example a limited demand for the nitrite of sodium 
NaNO, used in the dye industry and this is manufactured by 
reducing nitric acid with molten lead thereby adding another 
manufacturing operation to the acid cost. This nitrite may 
be cheaply made by taking a mixture of NO and NO» such as 
we would have in parts of the system and passing it into water 
or sodium hydroxide, thus ` 

NO; + NO + H:0 = 2 HNO: 

or 

| 4NO + 2 NaOH = МО + 2 NaNO, + Н.О 


and this process would produce a product selling for four to 
five cents per lb. We must remember, however, that the price 
of nitric acid is not a fixture and that a cheap combined nitro- 
gen fertilizer will cut the price of sodium nitrate and hence the 
price of nitric acid. We are confronted then with the fact that 
all processes will be affected by the success of any one process 
that is a large enough success to affect the market conditions 
of combined nitrogen and upset the ruling prices in the fertilizer 
industry. It is useless to look only to cheap power as a solution 
of this problem as the real solution is in the improvement of 
processes. 
Let us roughly compare the power requirements ot the pro- 
cesses as we have outlined them above and we find 
Direct oxidizing of atmospheric nitrogen 5 per 
cent. efficiency, yield at 550 kg. per kw-year, 
requires perke of Маа pes iei ER dns 65 kw-hr. 
Cyanamide process 66 per cent. efficiency in carbide 
1 per cent. loss in heating to combine with N., re- 


quires per Еро М.е ucu qaya ый та esee eh ... 16.6 * 
Also preparation of N. 


370 SUMMERS: ATMOSPHERIC NITROGEN [March 12 


Aluminum nitride using coal to heat products to 


temperature of reaction requires per kg. of N....... 12 kw-hr. 
Catalytic method of combining N and H to form 
ammonia, requires per kg of N............... 1.5 * 


Also preparation N and H, refrigeration, and com- 
pression to 200 atmospheres. 


The general tendency abroad in figuring the cost of water 
power is to give only the operating costs and from this one 
sees costs of producing power figured at from 50 cents to $1.00 
per kilowatt year and in using these figures erroneous ideas 
have been widely circulated. In this country it has been stand- 
ard practice to consider the investment in the power plant, 
that is, the cost of the development and the property, as fixing 
very largely the cost of producing the power. It is quite com- 
mon to have labor and supplies cost not more than one dollar 
per kilowatt-year, but this would not be considered as represent- 
ing the cost of the power. Where a chemical industry owns 
the hydroelectric power plant as well as the chemical works, 
the foreign practice is inclined to consider the investment as a 
whole and apportion the costs of operation to the various de- 
partments, while interest on the capital is charged to the profits. | 
The costs of producing power are therefore uniformlv much lower 
than we are accustomed to figure on. There are many plants 
in operation in the chemical industries abroad whose real costs 
of producing power are no lower than many of the more favored 
locations in this country. 

Off-Peak Loads. One of the chief interests in the chemical 
utilization of electrical energy is, centered in the possibilities 
of off-peak or off-season loads, as American plants generally 
have a certain proportion of power which can be disposed of to 
better advantage than sclling the entire output as low priced 
power to chemical industries. This off-peak power is difficult 
to utilize in furnace work, where the cooling of the furnace and 
its charge is an important factor both from the standpoint of 
cost and of output, and again, adjustments may be so disturbed 
from an interrupted output as to be absolutely impracticable. 
One of the possible solutions for off peak utilization appears to be 
in the adoption of some system where fuel is also utilized and 
the radiation losses are not excessive under conditions of banked 
fire when the electric portion of the heat energy is not in use. 
Some of these combination processes may promise a solution 
of the off-peak load situation more attractive than the straight 
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electric furnace, which is difficult to cool down entirely without 
unduly affecting the conditions. In all plants the volume of 
output is the determining factor in absorbing the general over- 
head charges, and any intermittance must diminish output with 
its accompanying disadvantages. 

If the furnace could be operated on the off-season load and its 
product stored, and the chemical works utilizing this product 
could operate on a normal schedule, this would form one solu- 
tion; or another would be if by chance the off-season power were 
available at the time the greatest demands were to be met, such 
as preparing a fertilizer product at the season of fall rains for 
the early spring delivery. All of these plans however suggest 
the necessity of operating at least a portion of the plant continu- 
ously in order to meet fixed charges and preserve an operating 
organization. Ifthe chemical works requires a moderate amount 
of power for its processes in year around operation and only its 
surplus for manufacturing its crude material at the off season 
peak it promises the greatest possibilities. Р 

The future of nitrogen fixation is alluring and promises, many 
developments along lines other than those we have considered, 
but already the market has felt the effects of these various pro- 
cesses and instead of nitrogen being figured at thirteen cents per 
pound, it is confidently predicted it will very shortly find its 
level at a selling price of about eight cents, making a cost of pro- 
duction of five to six cents per pound and thus reducing sodium 
nitrate to about 1.33 cents per pound, or approximately $30 per 
long ton, and the lower grade mines will feel this and be forced 
to curtail. 

It therefore seems very certain that before 25 years shall have 
elapsed since Sir Wm. Crook’s made his memorable address, 
the Chile nitrate beds will have vastly curtailed their production, 
not from exhaustion but from the inroads made by the onward . 
advance of chemical and electrochemical engineering. 
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SOME TROUBLES ENCOUNTERED IN THE OPERATION 
OF CARBON BRUSHES IN DIRECT-CURRENT 
GENERATORS AND MOTORS 


BY E. H. MARTINDALE 


ABSTRACT OF PAPER 


This paper deals very briefly with troubles which affect the 
operation of carbon brushes on motors and generators. It 
should be of great assistance to the operator in locating various 
machine troubles and in securing the best service from his 
brushes. The paper is divided into five sections, based on the 
location of the cause of trouble: (1) field. (2) armature, (3) com- 
mutator, including brush rigging, (4) external electrical, and (5) 
external mechanical. 


T IS the purpose of this paper to so discuss the causes an 

effects of troubles encountered in the operation of motors 
and generators that the operator will be better able to use his 
brushes to the best advantage. 

The characteristics of carbon brushes which most commonly 
affect the operation are resistance, hardness, abrasiveness, co- 
efficient of friction, contact voltage drop and heat conductivity. 
None of these terms needs explanation but the writer wishes 
to emphasize the importance of not confusing hardness with 
abrasiveness. By abrasiveness we mean the scouring or cut- 
ting action of the brush. Hardness of carbon brushes ‘can best 
be determined by the use of a scleroscope, an instrument used 
to determine the hardness of steel and other metals. Relative 
hardness may be judged by cutting the brush with a pocket 
knife or by marking with it on paper, or if more accuracy is 
desired by the layman, a set of pencils from 2 B to 8 H will be 
a great aid, as a pencil softer than the brush will mark it and 
one harder will scratch it. The hardest brush with which the 
writer is familiar has no abrasive action, while one of the softest 
brushes has a decided abrasive action. 

In this paper the brush troubles will be divided into five 
classes depending on the location of the cause of trouble, (1) 
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field, (2) armature, (3) commutator, including brush rigging, 
(4) external electrical, and (5) external mechanical. 


FIELD TROUBLES 


.. As the field coils are connected in series or series parallel, a- 
partial short circuit may occur in one coil without materially 
affecting the heating of the coil. This will usually be attended 
with severe sparking at one or two studs, although in a wave- 
wound machine the commutation may be very little affected. 
This trouble can best be located by the voltage drop across 
each coil, with a constant current through the coils. Similar 
trouble may be caused by an error in rewinding a field coil. 
On some machines the shunt ficlds are connected with two or 
three fields in series and two or more of these groups in parallel. 
A partial short circuit in one coil will then affect the entire 
group, electrically unbalance the machine, and cause heavy 
short-circuit currents. . 

In a cumulative compound machine one series field may be 
reversed accidentally with the result that as the load increases 
sparking will occur usually at the two adjacent studs; or the 
entire series fields by mistake may be connected to oppose the 
shunt field which will result in blackening of the commutator, 
and severe sparking under heavy loads. The best way to de- 
tect this trouble is to excite separately the shunt field and the 
series field, being sure that the current flows in the same direc- 
tion as when the machine is in operation. The polarity of each 
pole should be tested with а compass and should reverse as the 
compass is passed from one pole to the next. Further the 
polarity of each pole should be the same when either field is 
excited. Ina generator the voltage will decrease and in a motor 
the speed will increase as the load increases. 

Unequal air gaps are responsible for a great deal of commu- 
tation trouble. If one pole face is nearer the armature the 
flux across the gap is greater and a higher voltage will be de- 
veloped in the coils under that pole. "This may result in very 
heavy short-circuit currents between the studs adjacent to that 
pole and other studs of the same polaritv. Fig. 1 shows such a 
condition due to worn bearings which allow the armature to 
run nearer the lower pole pieces. In machines with cast frames, 
blow holes may be present, and may be large enough to greatly 
increase the reluctance of the magnetic circuit and cause a lower 
voltage to be developed in one section of the armature with 
resultant short-circuit currents. 
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ARMATURE 


An open circuit in an armature coil causes the most vicious 
form of sparking, which is always accompanied by severe pit- 
ting of the mica between the commutator bars connected to 
this coil and the adjacent coil. The usual method is to con- 
nect an incandescent lamp in a circuit, and with two pointed 
terminals make a bar to bar test on the commutator; the opén 
circuit is shown when the lamp does not light. Similar spark- 
ing in a less degree may be caused by a high-resistance connec- 
tion between the end of a coil and the commutator riser. This 
can be detected by passing a current through the armature and 
taking voltage drop between adjacent bars,as the voltage will 


be higher than normal when the 
L poor connection is in the circuit 
measured. This method may 


also be used to detect an open 
circuit, but a voltmeter reading 
as high as the voltage impressed 
on the armature must be used, 
as full voltage will be obtained 
across the open circuit. 
A short circuit between two 
=. sections of a coil, two coils in 
Fic. 1 the same slot, end connections 
of two coils, or between the 
commutator bars, will be evidenced bv excessive heating of the 
coils affected, and unless repaired will sooner or later result in a 
burned out coil. The same method may be used as in the pre- 
ceding case and the voltage between adjacent bars when the 
coil is in the circuit will be below normal. 

The demagnetizing and cross-magnetizing actions of an 
armature have serious effects on the commutation of many 
machines. To get good commutation in a non-interpole ma- 
chine, the brushes usually must be өсі ahead ot the mechanical 
neutral on a generator and back of the mechanical neutial on 
a motor. Fig. 2 shows a sketch of a generator in which the 
brushes have been shitted ahead of the mechanical neutral 10 
deg. The section between a and b and a’ and 5” acts as an elec- 
tromagnet with poles at N” and S” opposing the field magnet- 
ization. This is the demagnetizing action. The section), a’ 
апа а, 5” acts as an electromagnet with poles at N’ and 5”, 
This is the cross-magnetizing action of the armature and it 
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tends to increase the magnetism of the rignt hand side of N 
pole of Fig. 2 and the left hand side of S pole, and tends to de- 
crease the magnetism of the left hand side of N pole and the 
right hand side of S pole. 

If the brushes are shifted far to obtain good commutation, 
and if, at the same time, the magnetization of the pole piece 
is not well above the knee of the saturation curve, the demagnet- 
izing effect of the armature may seriously reduce the voltage 
of a generator or increase the speed of a motor. Оп the other 
hand, the cross magnetizing cffect may be sufficient, if the 
brushes are not shifted to the electrical neutral, to place the 
coils undergoing commutation in a heavy field, with resultant 
heavy short-circuit currents, severe sparking at the brushes and 
all the attendant evils. Тһе remedy is to widen the neutral 
field bv filing away the edges of the pole pieces. Тһе object 
of interpole windings is to counterbalance a1mature cross mag- 
netizing action and thus maintain the electrical neutral at the 
mechanical neutral under all conditions of load. In this case 
there is no demagnetizing action of the armature current, as 
this occuis only when the brushes are shifted from the mechanical 
neutral. 

COMMUTATOR | 

Commutator brush troubles are numcrous, and often difficult 
to identify. One of the most troublesome problems with non- 
interpole generators or motors which do not operate at constant 
load is the difficulty of finding a point at which the brushes will 
operate at all loads without injurious sparking. This is due to 
the cross-magnetizing action described in the preceding para- 
graph. The brushes are usually sct according to the judgment 
of the operator. | 

Spring tension or the pressure with which the brushes bear 
on the commutator seldom receives proper attention except in 
large central stations or mills and even there it is often neglected. 
The most economical pressure is the lowest consistent with a 
low contact loss, a clean commutator and freedom from spark- 
ing, glowing or. pitting of the brushes. It is seldom advisable 
to use a pressure less than 15 pounds per square inch of cross- 
section. Тһе writer recommends on stationary machines a . 
pressure of from two to four pounds per square inch depending 
on local conditions and the grade of brush. He recommends 
from four to eight pounds per square inch for crane motors, 
haulage motors, railway motors and similar machines. On 
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stationary motors he has found pressure as low as one quarter 
pound per square inch and as high as fifteen pounds per square 
inch. 

Brush spacing is very important but usually neglected. In 
Fig. 3 the studs are equally spaced and the dotted lines show 
the correct brush position, but due to the brush holders on arm 
A being rotated too far in one direction and on arm C too far 
in the opposite direction the voltage generated in section А В 
Cis different than in A F E or C D E and this will result in short- 
circuit currents between A, E and C, high enough to neutralize 
the unequal voltage. 

The magnitude of this short-circuit current may be illustrated 


Fic, 2 


by a test conducted a few vears ago by the writer on the 400- 
ampere 250-volt 600-rev. per min. six-pole shunt generator 
shown in Fig. 4. On one positive stud which we will call A the 
brush holders were rotated to place the brush $ in. ahead of 
correct position. The other positive studs B and C were left 
unchanged. The busbar had been calibrated with a millivolt- 
meter to determine the current flowing. With the brushes in- 
correctly spaced but operating at the best point, the short- 
circuit current was not excessive. When the brushes were 
shifted two bars away from the neutral and with no external 
load on the machine the short-circuit current rose to 800 amperes 
or twice the normal full load current of the generator. As the 
voltage back of this current was low the actual power loss was 
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small but the heating of the windings and the effect on com- 
mutator and brushes was serious. The current density in the 
brushes on stud A was over 200 amperes per square inch and on 
studs B and C over 100 amperes per square inch. "This is an 
extreme case, but a smaller difference in spacing may often be 
serious. Spacing may be checked by counting the number of 
bars between each pair of studs but a better way isto cuta strip 
of paper the length of the commutator circumference, mark off 
equal divistons corresponding to the number of studs, place the 
paper оп the commutator and make the brushes toe the mark. 
: From the time a commutator bar touches one edge of a brush 
until it leaves the opposite edge, the current in the coil under- 
going commutation should fall from full load to zero and rise 
in the opposite direction to full load. If the current in the coil 
is more or less than that value the final adjustment comes as a 
sudden rush of current as the bar Ісауеѕ the brush. In many 
machines the time of commutation is less than 0.001 second. 
The brushes should therefore be shifted to a point where the 
coils undergoing commutation are in a field strong enough to 
make this changc. As the cross magnetizing action of the 
armature tends to shift the ficld in the wrong direction to ас- 
complish this, the brushes must be shifted farther than if thc 
_cross-magnetism were not present. If brushes are too thin, 
sufficient time is not allowed for commutation, and if they are 
too thick the coil may over-commutate. In any case, if there 
15-а difference between the correct and actual values of the 
current in the coil there will be an inductive kick when the bar 
leaves the brush. If the inductance of the coil 1s high or the 
difference in current great, more or less severe sparking may ` 
result. Many cases of sparking have been cured by reducing 
the thickness of the brush. 

A similar condition sometimes arises when the brush studs 
or brush holders are not parallel to the commutator bars. The 
short-circuit current in this case passing from one brush through 
the stud to another brush and thence through the coil. Such 
trouble is often found on some old machines still іп service, on 
which the brush holders and brushes change position as the 
brushes wear away. 

If there is not sufficient clearance between a brush and its 
holder or if foreign matter becomes lodged in the holder the 
brush will not move freely and may make poor contact and re- 
sult in blackening of commutator, sparking, heating and other 
evils. 
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On the other hand if there is too much clearance and the brushes 
are not equipped with shunts the current may pass from the 
brush to the brush holder through a small are and cause undue 
wear of the holders. On machines which have been in service 
a long time much trouble frequently ariscs from worn holders. 
This is particularly true if the machine runs in both directions, 
as the brush face changes when the machine 1s reversed and 
thereby reduces the time of commutation and increases the cur- 
rent density in the brush faces. Brushes in worn holders are 
also more inclined to chatter and chip. 

There are many types of brush shunts or pigtails on the 
market; some have a relatively high resistance when manu- 
factured, while others become loose due to heating or vibration 
and cause a large proportion of the current to pass from the 
brush directly to the holder. A poor connection between the 
terminal and the stud тау have the same effect. 

Sometimes the hammer which bears on the brush becomes 
bent and does not bear evenly or radially on the brush. This 
may cause such a side push or twist that the brush will not move 
freely in the holder, and may cause sparking, burning and the 
attendant evils. 

Brushes are somctimes ordered longer than standard with 
a view to securing a longer life, but the spring will usually give 
a side push and cause trouble, which will shorten the life of the 
brushes and perhaps damage the commutator. | 

Noise of carbon brushes is due to a mechanical vibration 
called chattering. If due to the friction of the brush on the 
commutator the noise may have various pitches. Тһе remedy 
is a change in spring tension, angle of operation or grade of brush 
although relief may be obtained by lubrication of the commu- 
tator at intervals. If the noise is due to high mica or wide slots 
in a slotted commutator the pitch of the sound will correspond 
to the number of bars passing under the brush per second. If 
the trouble is high mica the remedy is the removal of the cause 
of the high mica or the use of a more abrasive brush or under- 
cutting the mica. If the noise is caused by slots it may be 
necessary to change the spring tension, angle of operation, or 
grade of brush as lubrication is not advisable on a slotted com- 
mutator. 

The causes of short-circuit currents have been mentioned 
under other heads in this paper and are, briefly: operation of 
brushes at wrong commutation point, incorrect brush spacing, 
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brushes spanning too many bars, brushes not parallel with com- 
mutator bars, field trouble, including unequal air gaps, and to 
these might be added brushes with too low contact drop. 
Short-circuit currents represent a low power loss but are serious 
in their effects on operation. They may produce excessive 
heating, sparking, high mica, blackening of commutator, burn- 
ing away of commutator, flat spots, pitting or honeycombing 
of brush faces, picking up copper by brushes and short life of 
brushes. The remedy is to find and remove the cause, not 
always an easy thing to do. | 

As the expression ‘‘ short-circuit currents " is not entirely 
distinctive the writer would like to see some other phrase adopted 
as standard,such as “ trouble currents." This name would be 
well suited as they never do any good and always do some harm 
if no more than wasting energy by unnccessary heating. 

Pitting or honeycombing of brush faces is nearly always caused 
by short-circuit currents or a very low brush pressure but oc- 
casionally it is due to insufficient carrying capacity of the 
brushes. It can generally be determined from tre appearance 
of the brush face whether the pitting is caused by low pressure or 
short-circuit currents; in 95 per cent of the cases it is the latter. 
Many cases of pitting may be corrected by reducing the thickness 
of the brushes but it is better practise to Jook for some other 
cause first, as already described. 

The writer has never becn satisfied with any explanation he 
has seen for “ picking up copper ", which term is applied when 
particles of copper from the commutator become imbedded in 
the brush faces. It is generally attributed to an electrolytic 
action, and it isa fact that when the trouble appears it is nearly 
always on the positive brush of a generator, the negative brush 
of a motor ora brush which shows heavy short-circuit current. 
This bears out the theory that the copper is carried by the 
current and deposited on the brush. On the other hand, the 
writer has seen a brush pick up copper when running under 
test on a copper slip ring without any current flowing. This 
purely mechanical action was attributed to abrasive material 
in the brush which tore off the copper particles. As the abrasive 
particle no doubt reaches a high temperature a small copper par- 
ticle may become welded to it and other particles collect on this 
until the abrasive spot is itself worn away. Picking up copper 
lowers the contact resistance between brush and commutator 
and generally causes heavy short-circuit currents. 
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A loose commutator bar may be flush with other bars when 
the machine is stationary but may be thrown out slightly when 
running, due to centrifugal force. This will lift the brush, and 
will burn one or more bars just ahead of the high bar, depending 
on the number which the brush spans, and further, will burn 
some of the bars back of the high bar depending largely on the 
speed of the machine and the brush pressure. Its presence can 
often be detected .by the knocking sound of the bar hitting a 
brush once every revolution. 

Commutator bolts should be tightened а few months after 
the machine has been placed in service. Тһе writer knows of 
one case where high bars appeared to bc causing trouble, and the 
commutator bolts were tightened, but to no avail. Тһе machine | 
was then dismantled and it was found that the V-ring reached 
its seat before clamping the commutator bars tightly. 

In repairing commutators and sometimes in manufacturing 
them, commutator bars of different hardness are used and one 
bar may wear faster than another, causing a flat spot or a high 
bar. | 

Necessarily, many of the troubles overlap and some causes 
for high mica have been given previously in this paper. They 
are, mainly, some form of sparking which burns away the com- 
mutator bars leaving the mica to project. If the cause cannot 
be located and removed it is necessary to undercut the mica or 
use a more abrasive brush. Тһе former is preferable, as the 
life of the commutator and brushes will be longer. When the 
mica once becomes high it holds the brush from the bars, causes 
more burning, and the commutator rapidly becomes worse. 

Blackening of a commutator may be caused by sparking, the 
use of too much lubricant or by the character of the brush. 
Blackening will sometimes occur on every other bar or every 
third bar, corresponding to the number of coils per slot and may. 
often be shifted to another set of bars bv shifting the location of 
the brushes. This seems to be duc toa magnetic kick in the coil 
undergoing commutation when the armature tooth next to the 
coil suddenly leaves the field. The remedy is to have the 
neutral field wide enough to permit the tooth to lcave the strong 
field before the commutator bar comes under the brush. 

Flat spots consist of а few bars between which the mica 
is high. They may be started by the commutator not running 
true, soft bars, difference in hardness of mica, surges of current 
or any sparking which occurs once every revolution. When a 
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flat spot starts it may soon develop other flat spots, equidistant 
about the commutator, one for every pair of poles. This is 
probably explained by the fact that when the flat spot reaches - 
a brush the current through that brush is greatly reduced. This 
throws the extra load on the other studs of the same polarity 
and may produce a spark at each of the studs. Unless given 
prompt attention the spots may gradually spread until high 
mica is present over the entire commutator. The cause for the 
flat spots should be located and removed if possible. An inter- 
esting case was recently called to the writers attention by Mr. 
А. M. Lloyd. А 200-h.p. 250-volt six-pole motor with 30 
brushes, had for some time persisted in developing flat spots. 
The commutator was carefully cleaned and on one section 
brushes were installed on onlv two studs. Ina few days flat spots 
had developed on all of the commutator, except that section; 
two more brushes were added and stil no flat spots on the 
section; the other two were added and the На: spots devcloped 
inashort time. One brush was removed, the commutator cleaned 
and no flat spots developed in this section. This narrowed 
the trouble down to one stud. А careful mvestigation showed 
that the air gap under one of the two adjacent poles was about 
8 per cent greater and under the other about 5 per cent greater 
than under the other four poles. This was evidently due to worn 
bearings caused by a combination of belt pull and the weight of 
the armature. This suggests a convenient way of isolating 
manv machine defects. 

А whole article might be written оп commutator slotting. 
The best practise in commutator slotting consists in under- 
cutting the mica about 3/64 in. below the surface of the commuta- 
tor. .It is of extreme importance that great care be exercised in 
slotting a commutator to see that all the slots are free from strips 
or particles of mica flush with the commutator. It is not advis- 
able to use lubricant or artificially lubricated brushes on a slotted 
commutator as the lubricant mav get into the slots, collect dirt 
and cause short circuits between bars. Оп slow-speed machines 
where the peripheral speed is not sufficient to throw out particles 
of dirt the commutator slots should be blown out or scraped out 
at regular intervals. Оп а slotted commutator a brush with no 
abrasive action may be used and will result in long life of com- 
mutator and brushes. А non-abrasive brush or a self-lubricating 
brush does not necessarily mean a soft brush. In fact one of the 
hardest brushes manufactured in this country has been 
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adopted as standard on slotted commutators by two of the four 
largest manufacturers of motors and generators, in this country, 
and is rapidly being adopted by the other two. 

Heating of the commutator on a machine may be caused by 
anv form of sparking, short-circuit currents, friction of brushes, 
high brush pressure, too low brush pressure causing high con- 
tact loss, dirtv commutator, overloads, too small commutator, 
resstance of windings, loose connections, eddy currents and 
hysteresis. Ав the ultimate capacity of a machine depends on 
allowable temperature rise it is important to prevent heating 
wherever possible. 

Rapid wear of commutator mav be due to abrasion by the 
brushes, presence of grittv dust, or any form of sparking. 

Short life of brushes may be due to sparking, glowing, or me- 
chanical wear caused by high brush pressure, dirt, high mica or a 
rough commutator. 


OUTSIDE ELECTRICAL CAUSES 


Outside electrical causes of commutation trouble may be 
briefly stated as overloads, line surges, and cross currents be- 
tween two or more machines running in parallel. Where the 
angular speed of a reciprocating engine varies greatly, surges 
may occur due to a slight reduction in speed of motors on the 
circuit when the voltage is low and a consequent rush of current 
when the voltage reaches its maximum. It may be impossible 
to locate surges or cross currents without the use of an oscil- 
lograph. 


OUTSIDE MECHANICAL CAUSES 


If an armature is mechanically unbalanced severe vibration 
may occur especially if run at high. speed. This may produce 
flat spots, unbalanced electrical conditions, loosening of com- 
mutator bars and other serious troubles. 

If the machine is on unstable foundations, similar troubles 
may be experienced due to vibration of the entire machine. 
In this class may be placed crane motors and similar machines 
which are however usually designed with this factor in view. 

Poor belt lacing or uneven gears may produce a vibration or 
strain with the same results. А 

The pound of а reciprocating engine direct-connected to а 
generator sometimes causes such a serious vibration that the 
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brushes are thrown slightly from the commutator, causing spark- 
ing and flat spots. 

In this paper no attempt has been made to guide the operator 
in the selection or testing of carbon brushes, or to discuss the 
effects of characteristics of carbon brushes, but the writer hopes 
.to have the opportunity of presenting another paper on this 
subject. 
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FRACTIONAL HORSE POWER MOTOR LOAD 


BY BERNARD LESTER 


ABSTRACT OF PAPER 


In this article the author outlines the broad and increasing 
use of fractional horse power motors and the chief causes for 
the advance in popularity of motor-driven machines. Тһе suc- 
cess in this field of motor application has been largely due to 
the perfection of a reliable and simple single-phase motor. 
The development in the design and construction of the single- 
phase moto? is traced from its origination to the present time, 
and the operating characteristics of the commoner types of single- 
phase motors are described and illustrated by the use of speed- 
torque curves. Тһе correct application of small motors is of ut- 
most importance and requires а careful analysis of motor 
characteristics, the characteristics of the driven machine and 
of the supply circuit, with the limitations of each. Тһе author 
deals particularly with the characteristics of the split-phase in- 
duction motor, which is used so extensively, and points out the 
functions of the centrifugal clutches when employed as a com- 
ponent part of this motor. А reference diagram is presented which 
1s of service in applying small motors. 


М TECHNICAL literature very little space has been dc- 
voted to the discussion of fractional horse power or small 
motor load. Тһе subject presents certain difficulties of ар- 
proach perhaps, on account of the close association of the 
.commercial and engineering aspects, which cannot easily be 
divorced from one another. Furthermore, there is a tendency 
on the part of the engineering profession to consider, since the 
power producing units are so small and they are applied to such 
ordinary devices or machines, that the problems met in applying 
these motors are not strictly those which should concern an 
engineer. Тһе purpose of this paper is to show briefly the ex- 
tent of this rapidly growing ficld, and that in it real engineering 
problems exist which deserve most careful analysis. 

When we consider that few motors were used in the industrial 
field prior to 1890, we realize, in a measure, the rapidity of the 
growth of the industry, but itis not until we classify the industrial 

. feld of motor application, and see what has been done in the va- 
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rious industries, for example, in the steel mills, paper mills, textile 
mills and machine shops, that we can realize the development of 
motor application and can fully account for its growth. During 
the last ten years the field for the use of fractional horse power 
motors has increased enormously and many new devices have 
become available commercially. Typical examples of small 
motor applications can be found in residences, stores, offices and 
work shops. This list varies from motors used to drive vacuum 
cleaners, washing machines, meat and coffee grinders, and sew- 
ing machines, to those used in portable drills, railway signals, 
and the most delicate laboratory instruments. 

There have been three principal causes for this development 
in the small motor field: ! 

1. Efficiency engineering in every field of endeavor has 
brought to the mind of the public the realization of the saving 
that can be accomplished in time, labor and money by operating 
small appliances electrically. | 

2. Wide distribution of central station circuits, primarily for 
the purpose of lighting, have greatly increased the possible field 
for the use of small motors. 

3. The performance of the small motor as a rcliable source of 
power, and its proper application, have established the confidence 
necessary to encourage the investment of time and money in 
the development of the industry. 

Savings in time, labor and operating cost by the use of small 
motor-driven machines can best be illustrated by reference to 
several very common small motor applications. ` In the dwelling, 
the small motor-driven washing machine, vacuum cleaner, iron- - 
ing machine and sewing machine shorten the time required, to 
do the work, and materially decrease the amount of manual 
labor required, besides increasing the quality of the work and 
the convenience with which it is done. In the office. motor-driven 
calculating machines, and machines for addressing, sealing and 
stamping mail matter or tving packages, are now becoming 
common, on account of the fact that they in the aggregate save a 
large amount of time on the part of thc office force, or in reality 
increase the productive labor of the individual. In the black- 
smith's shop, for instance, motor-driven forge blowers have 
taken the place of the old cumbersome hand-operated bellows. 
The store or meat market is now often equipped with a meat 
grinder, meat slicer, coffee grinder or coffee roaster. These 
make possible economies in the preparation of products for sale. 
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It will be noted that in АП these cases the success of the device 
depends upon one or more of the three general features possessed 
by the small motor, t.e., simplicity in starting and stopping, 
portability, and continued operation without frequent attention. 

The remarkable extension in central power station lines in 
cities and suburbs needs no further comment here, other than to 
point out that the majority of small motor-driven machines are 
of such capacity and characteristics. that thev are suitable for 
connection to lighting sockets. | 

Since single-phase alternating-current distribution is so largely 
employed for lighting and consequently is available as a supply 
for small motor-driven machines, the development of a simple, 
reliable and efficient small single-phase motor has had a large 
shdre in the growth of this industry. Single-phase motors of 
the series, repulsion or induction type, or some modifications 
or combinations of these principal types, have been largely used. 

Series Motor. Тһе series-wound single-phase motor, due prin- 
cipally to its varying speed with change in torque, has a limited 
application. Obviously it can only be safely used where the 
load is rigidly connected to the driving shaft of the motor and 
where large variations in speed are permissible with variations 
іп load. This type of motor is very successfully used with fans, 
where the fan is attached to the motor shaft, and is used for 
exhausting or supplying air, as in the case of most fan type va- 
cuum cleaners or forge blowers. Also for portable electric tools, 
in which case the power is turned off when the tool is not in 
actual service. Its use, however, is limited to these or similar 
applications. A great advantage in the series-wound motor, 
when especially constructed, is that it can be operated upon direct 
current or alternating current of most commercial frequencies, 
and the same voltage, with speed-torque characteristics suffi- 
ciently similar to produce results generally satisfactory in motors 
of small capacity. Obviously, there 1s a great commercial advan- 
tage in a motor-driven device that can be operated either on 
alternating current or direct current. 

The single-phase repulsion motor, which is a modification of 
the series motor, possesses in general the same limitations in 
regard to its speed-torque charactcristics, as the series motor. 
However, without load it does not attain the same dangerously 
high‘speed. Since the brushes are short-circuited the universal 
feature, t.e., the possibility of operation upon alternating-cur- 
rent or direct-current circuits, does not exist. 
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Induction Motors. The single-phase induction motor ров- 
sesses a speed-torque characteristic in which the speed holds 
practically constant under a varying torque and is excellently 
suited for the large majority of small motor-driven machines, 
provided a means is supplied to bring the rotor or secondary 
element of the motor up to a speed at which the inherent torque 
produced by the motor is sufficient to accelerate the load. 

The split-phase induction motor is by far the most common 
type of single-phase motor used in fractional horse power sizes. 
Since in its development the most difficult problem has been in 
overcoming the absence of starting torque in the simple single- 
phase motor, the principal steps in this development will be 
mentioned. | 

The first split-phase sclf-starting motor was developed 
by Tesla and was used for 
driving small desk fans, but 
was not employed generally 
for power service. Several 
years after this, about 1893, 
single-phase induction motors 
of larger capacities were ас- š 
veloped and used, but since 
there was no device for start- 
ing the motor, it had to be 
started by hand ;—and like any 
polyphase induction motor 
when connected to a single- 
phase circuit, and operated on one phase only, would run in either 
direction if started by some external force and accelerated to 
a point at which the torque developed by the primary of 
the motor upon the rotating element was sufficient to carry 
the rotor up to speed. Тһе speed-torque curve of such a motor 
is shown in Fig. 1, curve AD. From 1893 to 1895 self-starting 
split-phase motors were designed with two windings in the 
primary, one of which was employed primarily while running, 
and the other only for the purpose of starting. А phase splitter 
consisting of a manually-operated external switch and resistance, 
connected the primary windings to the supply circuit, inserting 
resistance іп the starting winding. А phase displacement in 
this way existed between the currents in the two windings, 
which exerted a torque upon the rotor in starting, the starting 
winding and resistance being manually cut out as soon as the 
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motor came up to speed. Somewhat later, motors were de- 
signed with which were used starting devices supplied with a 
condenser in place of a resistance. This device produced a 
greater angular advance in the phase displacement than was 
the case with the resistance starter. In this particular, there- 
fore; a somewhat improved operating characteristic was obtained 
due to higher power factor of the motor,—the condenser remain- 
ing in the circuit while starting and running. 

About 1898 single-phase induction motors were designed which 
started as series motors. The secondary winding was similar 
to that of a series motor, the commutator bars being short-cir- 
cuited as the armature accelerated, after which the motor ran 
as an induction motor. Shortly after this an advantage was 
found in starting as a repulsion instead of a series motor, since 
the motor so constructed could be connected externally for use 
either upon 110- or 220-volt circuits. Motors designed in ac- 
cordance with this principle are now widely used, especially in 
sizes above 4 h.p. An automatically operated centrifugal gov- 
ernor within the rotating element, short-circuits the commu- 
tator bars. Fig. 1, curve B, shows the speed-torque character- 
istics of such a motor while starting, in approximately the relative 
position to the induction motor, curve AD. The light line 
ab represents the speed at which the motor automatically switches 
from a repulsion to an induction motor. 

Another development in the splitphase motor was іп 
the use of an external clutch or clutch pulley. Due to 
the difficulty in obtaining in the earlier designs sufficient 
starting torque to enable the motor to be used for other 
than accelerating very light loads, centrifugal clutches were 
used which allowed the rotor and shaft to accelerate to a 
point at which a liberal torque was exerted by the rotor, at which 
point the clutch took hold and applied the load to the motor. 
Within the last few years marked improvements have been 
made in the design of split-phase motors. Sufficient starting 
torque can now be obtained without the use of a centrifugal 
clutch, for many classes of small motor service. A light, high- 
resistance starting winding in addition to the running winding is 
used. Fig.1,curve AC, shows a typical speed-torque curve of a 
no-clutch split-phase motor of recent design. This starting wind- 
ing 15 cut out by means of avery simple and reliable centrifugally 
operated switch placed within the motor, at a speed slightly 
below full load. The centrifugal clutch when used is of simple 
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construction and is placed within the motor, the rotating ele- 
ment revolving upon the shaft until its speed reaches a pre- 
determined point at which the clutch takes hold. ` 

Various modifications have been made in the repulsion motor, 
intended to make its speed more nearly constant with varving 
loads, and also improve its power factor, by means of extra 
brushes on the commutator and auxilarv windings in the 
primary. 

Since so many motors of one particular size and tvpe are used, 
designs must be adapted for economic quantity manufacture 
and uniform performance consistent with such apparatus. 
Furthermore, since motors of special mechanical and electrical 
characteristics are often required, standard designs must be 
adapted to provide for such modification without a complete 
redesign of the motor. Fractional horse: power motors must 
be neat and attractive in appearance since they are used in the 
home, office or shop in connection with, or as a part of, a machine 
which is usually highly finished. Lightness of weight and com- 
pactness of construction are of considerable importance, for 
many small motor-driven machines are of a portable or semi- 
portable character. Quiet operation is alwavs desirable and 
often absolutelv necessary in cases where these motors are uscd 
for the operation of musical or talking machines. In the last 
few years it has become common practise to design direct- 
current motors with full-load speeds corresponding to those of 
60-cycle alternating-current motors. Furthermore, for equivalent 
ratings in alternating-current and direct-current motors similar 
mechanical characteristics have been adopted, so that cither 
an alternating- or a direct-current motor can be mounted in 
identically the same place in relation to the driven machine, 
thus simplifying the construction of the motor-driven machine. 

Small motor applications fall into four thoroughly well de- 
fined classes, depending upon the length of the operating period 
and the variation of the load while in service, 1.e.: 

1. Motors operating continuously, with approximately con- 
stant load; for example, ventilating fans and forge blowers. 

2. Motors operating continuously with varying load; for 
example, sign flashers and most adding machines. 

3. Motors operating intermittently, with constant load; for 
example, coffee grinders and most automatic piano players. 

4. Motors operating intermittently, with varying load; for 
example, household washing machines and ice cream freezers 
for household use. 
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It is interesting to note that small-motor engineers encounter 
almost identically the same problems as those of the enginecr 
applying larger industrial motors, in so far as cycles of operation 
and speed-torque requirements are concerned. For instance, 
іп the application of small motors to washing machines with 
wringers, the wringer is the limiting feature, taxing the motor 
with sudden peak loads. This application may well be compared 
to that of a motor-driven rolling mill. The motor-driven meat 
grinder compares closely with the motor-driven pulp mill beater, 
and the coffee grinder with the rock or stone crusher. In the 
design of high-speed motors for fan-type vacuum cleaners, the 
problems closely parallel those of the high-speed turbo blower. 

Hundreds and even thousands of motors of one particular type 
and size may be applied to a particular type and size of driven 
machine, consequently, a very careful analysis should be made 
to secure the correct drive. Failure may come when operating 
conditions cease to be ideal, should a motor of insufficient margin 
of safety with regard to the essential electrical and mechanical 
characteristics be employed, and the expense of such failure 
cannot well be estimated when we consider that these small 
motor-driven machines are scattered broadcast. In the іп- 
terests of economy, however, an abnormal margin of safety is 
objectionable. Тһе question of the selection of the proper 
characteristics is largely, therefore, a consideration of limiting 
conditions of operation. The following general points should 
be considered: 

Variation in the essential electrical and mechanical charac- 
teristics of duplicate motors, incident to their manufacture in 
quantities. 

Variation in the value of torque required to start and power 
to operate duplicate driven machines, incident to their manu- 
facture in quantities. | 

Variations in the characteristics of the circuit on which the 
motors are to operate, such as variations in voltage, frequency 
or both. 

In applying split-phase motors, aside from the general charac- 
teristics outlined elsewhere, special attention must be given to 
those characteristics of starting torque, pull-out or maximum 
torque and temperature rating. Тһе starting torque varies 
approximately as the square of the impressed voltage, conse- 
quently any reduction in the voltage of the circuit at the motor 
produces more than a proportional reduction in torque. ` Fur- 
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thermore, the starting current of split-phase motors matcrially 
excceds the full load running current. This factor, in addition 
to light wiring or insufficient transformer capacity, often results 
іп a° reduction in starting torque of the motor in the average 
commercial installation. Good practise in small motor appli- 
cation provides that the motor should be able to start the driven 
machine when the impressed voltage is as low as 20 per cent 
below the rated voltage. A centrifugal clutch is often incor- 
porated in the design of the motor not only to insure an ample 


AMPERES 


starting torque and reduce the effect of the current taken 
during starting, principally by cutting down the time during 
which it is taken, but also to provide an element of flexibility 
in the case of a machine rigidly connected to the motor. The 
clutch will slip in the event of sudden or extreme overload, thus 
protecting the combined unit. 

Fig. 2 will give an idea of the comparative values of the cur- 
rent and its duration taken by 
split-phase motors during start- қ 
ing. These curves аге oscillo- ү p В NE 
graph records. Curve A repre- ~ a ee 
sents a motor without centrifugal N 
clutch, driving a generator, and 
curve B is for a motor of equiv- 
alent capacity and speed, equip- m 
ped with а centrifugal clutch, | P 
operating under similar condi- 
tions. Thelatter motor is supplied with a different starting wind- 
ing, being permissible where a clutch is used., It should be noted 
that rulings prohibiting the use of single-phase motors upon 
lighting circuits, based upon the amount of current taken by 
the motor while starting, are misleading when expressed in terms 
of full-load current taken by the motor. For example, though 
the starting current of a $-h.p. motor may be only three times 
as great as the full-load current, its value may exceed that of a 
L-h.p. motor, even though the starting current taken by the latter 
may be five times its full-load current. It seems reasonable 
that such rulings should specify in amperes the permissible cur- 
rent which motors may take, corresponding to the established 
voltages. 

The pull-out or maximum torque of the motor must obviously 
be sufficient to take care of any peak loads to which the motor 
may be subject in driving the machine, even at voltages some- 
what lower than the normal rated circuit voltage. 
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Many small motor-driven machines are not ordinarily called 
upon to operate continuously, but only for short intervals, with 
prolonged periods of rest intervening between operating periods. 
Obviously in these cases intermittently rated motors may be 
employed. However, unless the cycle of operation is well de- 
fined by practise, it is well to use a motor so rated that it will 
run the machine continuously without attaining a dangerous 
temperature. Sometimes the machine may Бе 1с running by 
mistake. Small motors of commoner designs and capacities 
will attain thcir maximum temperature in from two to five 
hours. Commercially it is not permissible with most small 
motor-driven machines, particularly those in domestic service 
or in stores and offices, to employ motors so rated that they will 
attain a temperature as high as the insulation will safely 
stand, for the motor becomes appreciably hot to the touch and 
creates suspicion. 

The starting torque and pull-out torque of fractional horse 
power motors are usually measured in ounce-fect. The diagram 
shown in Fig. 3 (which is here reduced in size) has been pre- 
pared covering the various characteristics of fractional horse 
power single-phase and polyphase motors and is useful for 
purposes of reference. The following illustrations will indicate 
how it may be employed in small motor application work. 

Knowing the Horse Power and Speed at Full Load, to Determine 
Full-Load Torque. For example, find the full-load torque of a 
i-h.p. motor running 1700 rev. per min. at full load (1800 rev. 
per min. synchronous speed). Find the intersection of the ver- 
tical line through 1700 rev. per min. with the curve marked 
$ h.p. (560 watts), and horizontally opposite this intersection 
at the left is the torque, 36.5 oz. 

The Starting Torque and Maximum Running Torque can be 
found by multiplying the full load torque by the proper constants. 
For example, if the starting torque of this particular motor is ` 
1.5 times the full-load torque, its value is 1.5 X 36.5 = 5502. 
Likewise if the maximum running torque of the motor is 2.5 
times the full load torque, its value 15 2.5 X 86.5 - 91 oz. 
These constants must be determined from the characteristic 
curves of the individual motor. 

The Horse Power at Maximum Torque can also be determined 
from the curve if the speed is known. For approximate results 
the slip of small split-phase induction motors at maximum torque 
can be taken at 15 per cent. In the case of the above motor 
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the speed at maximum torque will therefore be approximately 
1450 rev. per min. Find the intersection of the vertical line 
through 1450 rev. per min. with the horizontal line through 
91 (oz. torque). This is near the line representing 1.5 h.p., 
which is the approximate power developed by the motor just 
before pulling out, or stalling. 

Knowing the Horse Power and Efficiency, to. find the Real 
Watts; for example, assume that the efficiency of the #-h.p. 
motor is 75 per cent. Find the intersection of the vertical line 
through 75 with the 3-һ.р. curve and horizontally across from 
this intersection is 746 watts. 

Knowing the Real Watts Input, the Power Factor and the 
Voltage, to find the Current per Phase (or per terminal); for ex- 
ample, assume that the power-factor of the foregoing motor is 
70 per cent and the voltage 220 volts. Locate the intersection 
of the 70 per cent power-factor vertical line with the diagonal 
representing 746 watts. The horizontal line passing approxi- 
mately through this point represents 1050 watts apparent. 
Then from the intersection of the vertical line representing 
220 volts with the diagonal representing 1050 watts, the hori- 
zontal line representing amperes is determined, namely 4.8 
amperes, single-phase, or 2.8 amperes three-phase. The current 
per terminal in a two-phase motor is one-half that for a single- 
phase motor, and in this case would be 2.4 amperes. 
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APPLICATION OF ELECTRICITY TO THE ORE HANDLING 
| INDUSTRY 


BY C. D. GILPIN 


ABSTRACT OF PAPER 


The paper gives a general description of the typical method of 
handling ore from the mine to the blast furnace, describing in a 
general way the machinery used in the different steps of the 
process. The general principles underlying the application of 
electric motors to these various types of machines are discussed, 
as well as the class of motors best adapted to the work and the 
considerations in regard to the power installation. The es- 
sential points to be considered are; 1, the determination of the 
shortest path over which the ore is to travel; 2, the determina- 
tion of the characteristics of the loads in moving ore through this 
path; 3, the designing of the electrical equipment to carry 
these loads with minimum peak and maximum reliability, 
and 4, installation of a substation that will handle the load 
satisfactorily and most economically, considering both demand 
charges and the total kilowatt-hours used. 


N DISCUSSING the application of electricity to the iron 
ore handling industry it is the writer’s intention to por- 
tray in a broad manner the nature of the problems which are 
encountered, and the general principles which should be kept in 
view. Detailed descriptions of the method of making the neces- 
sary calculations are now available in at least one of the later 
handbooks, and the electrical apparatus used for this class of 
work is fully described in the publications of the various manu- 
facturers. It can easily happen, however, that the electrical 
engineer may lose sight of one or more of the points described 
herein, or that the purchaser of an ore handling plant may find 
himself saddled with an equipment for which the cost of power 
is unduly hgh. 

Before describing the correct methods of applying electrical 
apparatus to ore handling machinery it will, perhaps, be best to 
give a brief description of the types of such machines as are in 
general use. The typical course of the ore from the mine to the 
blast furnace is as follows, this description applying particularly 
to the business as it is carried on in the Great Lakes district: 
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After being mined in the upper lake region, the ore is carried 
in special hopper-bottom cars to one of the nearby shipping 
points, where it is dumped by gravity into large bins. These 
bins are connected to the hold of the vessel by means of spouts, 
so that loading is accomplished simply and in a very short time. 
The vessel then carries the ore to one of the ports on Lake Erie 
or Lake Michigan, where its cargo is taken out bv means of 
large unloaders and 1s either placed on railroad cars or is stored 
in а stock pile for future use. After being loaded on the cars 
the ore is carried to the point of ultimate consumption, where it 
is usually unloaded bv means of a car dumper. At this point two 
general schemes of handling the material may be used, the first 
consisting of a movable саг dumper which travels along one side 
of a stock yard, into which it dumps the ore, and the second 
consisting of a fixed car dumper which dumps each freight car 
into an electrically propelled transfer car having gates in the 


CRANE TYPE UNLOADER ен: 


BOAT 


Fic. 1 


bottom especially adapted to allow the ore to run out cleanly. 
In the latter case the transfer car deposits its load directly into 
the bins which serve the first skip hoist; or, if these bins are al- 
‘ready full, the ore may be allowed to fall down an incline into 
the stock yard, from which it is reclaimed by means of a bucket 
handling gantry crane and placed in the furnace bins as it is 
necded. In this paper the discussion will be limited to the 
operations of unloading the boat at the dock and the unloading, 
stocking and reclaiming of the ore at the blast furnace. 

Fig. 1 shows a side elevation of a dock equipped with one or 
more crane-type unloaders in combination with a rehandling 
gantry crane. The unloader is provided with a trolley which 
runs out over the hatches of the vessel; a clam-shell bucket 
is then lowered into the hold, and the loaded bucket is hoisted 
and trolleyed back either to a bin which feeds the freight cars, 
or to a space in the rear of the unloader, from which it is picked 
up by a bucket carried on the gantry crane trolley, and is placed 
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in storage. From this storage pile the ore is eventually re- 
claimed by the stock pile gantry and is loaded on railroad cars. 
Тһе crane type unloader is essentially the same as the stock pile 
gantry, and the principles which apply to one will apply to the. 
other. 


Fig. 2 shows a Hulett unloader in conjunction with a gantry 
crane. In this type of unloader the bucket is suspended from 
a walking beam by means of a stiff structural leg, the operator 
riding directly above the bucket. This leg is held steady by 
means of an equalizer and may be rotated at will. Тһе walking 
beam is carried on a large trolley which moves the loaded bucket 


back over a bin, into which the ore is dumped. From this bin 
the ore is fed as desired into a larry car, which carries it either 
to a point above an empty railroad car or else deposits it on the 
ground in the rear of the unloader, there to be cared for by the 
рапіту crane. 

Fig. 3 shows the end elevation of a movable car dumper. 


4 
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With this type of dumper the car is pushed up a short incline 
by means of the locomotive until it rests on the L-shaped rotat- 
able member. When this member is turned over, the contents 
of the car slide down a chute into the stock pile, the car being 
held in place by means of counterweighted clamps. The empty 
car is then rotated back into its former position, from which it is 
displaced by the impact of anew car. The machinery for opera- 
ting the L-shaped member or cradle, and also for producing the 
longitudinal motion along the track, is located in the house at 
the top of the dumper. 

Fig. 4 shows a side elevation of a fixed car dumper. The car 
is dumped in the same way as with a movable dumper, but with 


‘this type of machine it is necessary to haul the loaded cars up an 


incline and onto the cradle by means of what is known as a 
“ mule," which consists of a small carriage running on a track 


ч 


APPROACH TRAC, 
GROUND LINE ы 
7777777777] ТТТ ТУРТ, 4 


Fic. 4 


between the freight car rails. This mule тау be lowered into a 
pit in the bottom of the incline, from which it emerges after the 
loaded car has passed over it. The machinery is generally lo- 
cated in a house beneath the incline on which the mule operates. 

The gantry crane for reclaiming the ore at the blast furnace 
is usually of the same general type as that used at the dock, 
except that when its capacity 1s small and its span is short, 
both the operating mechanism and the operator may be located 
on a fixed part of the bridge, the ropes for handling the bucket 
being carried out to a small trolley which is little more than a 
number of sheaves mounted on a carriage. 

In considering the problems to be dealt with it will be found 
that the forces encountered consist either of gravity, accelera- 
tion or friction,—the latter being understood to be the force 
ultimately overcome by the mechanism and not the incidental 
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friction in the train of gears. Both the gravity and friction 
loads produce a similar effect upon the motor, except that in the 
former case the motor must resist the force of gravity when 
lowering by means of dvnamic braking. In both cases, however, 
the tendency is for the mechanism to run at a constant speed as 
soon as the starting resistance in the armature circuit has becn 
cut out. When acceleration begins to be a considerable part of 
the total load while starting, conditions become changed, es- 
pecially in the case where a series wound motor is used. If the 
‘motor torque required while short circuiting the resistance is 
greater than the torque required by the final load, it is evident 
that at the instant when all the resistance is cut out the motor 
torque is ` ery much larger than is necessary, and will therefore 
tend to speed up the load until it reaches a point of equilibrium. 
Where the original accelerating force is high compared to the final 
force, this process of speeding up may consume a verv considerable 
part of the total time ot the trip. 

It may be of interest to make a few simple calculations which 
will show to what extent the force of acceleration must be 
reckoned with in the various motions of an unloader or gantry 
crane. The most important motions of these machines consist 
of the bucket hoist, the trolley travel and the longitudinal travel. 
Taking first the hoist, we may assume a maximum speed of 300 
tt. per min. or five ft. per scc., which is greater than is usually 
used. It will hardly be necessary to accclerate the bucket in 
less than two seconds; the acceleration A will therefore equal 
5 + 2, ог 2.5 feet per sec. per second. 

If the weight of the load 1s W, then the force of acceleration 


= F, = — X À = 0078 W 


While neither the flywheel effects of the armature or of the 
hoisting mechanism have been considered, yet their inclusion 
would not add very greatly to the required force of acceleration, 
which is seen to be unimportant compared to the gravity load. 
For the same reason retardation, if accomplished іп a reasonable 
time, will not add verv greatly to the dynamic braking load 
incident to lowering, unless the lowering speed 15 allowed to be- 
come excessive. 

Trolley speeds may varv from 200 ft. per. min. for a Hulett 
unloader to 1200 ft. per min. or even higher, for high speed gan- 
tries having very long spans. Since with a trolley mechanism 
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it is essential to get under way as quickly as possible, the relation 
of the acceleration force to that of wheel rim friction may be 
stated as follows: 

Using W as the weight of the combined trolley and load, and 
a value for A of 2.5 ft. per sec. per second, (which experiments 
by the writer seemed to indicate as a maximum value considered 
comfortable by the operator), then 


W 


Е, = x 2.5 = 0.078 И 


The average wheel rim friction load may be roughly taken as 
25 1b. per ton. Therefore, | 


25 


= a : 
2000 x W 0.0125 W 


Friction force = Fy = 


By combining these two equations it will be found that 


Ға = 6.2 Е; 

It is obvious that motors for handling loads of this type must 
have a very high peak capacity, and in case they are of the series- 
wound type the final speed of the mechanism will very greatly 
exceed the speed attained when the last section of resistance is 
cut out. 2 

To determine the distance traveled апа the current consump- 
tion at any instant, for a trolley mechanism driven by a series- 
wound motor, it is necessary to use a step by step method, 
assuming a series of constantly decreasing torque values on the 
characteristic curve of the motor, thereby determining the aver- 
age available accelerating force for each increment, and conse- 
quently the time necessary to accelerate through the increment 
of speed. This method has often been fully described, but a 
brief outline of it may be of interest. 

After assuming the trolley gearing, a constant between 
torque and force and between trolley tt. per sec. and armature 
геу. per min. must be worked out. Tı, which represents the 
average torque during accelcration, will be obtained by combin- 
ing friction torque 7j and acccleration torque Ti, the former being 
calculated from the wheel rim friction force Fy and the latter 
being derived from acceleration force Ға), which in turn should 
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be calculated from the highest value of acceleration that the 
operator can comfortably stand. By the use of the charac- 
teristic curves of the motor the value of the motor rev. per min. 
can be found, from which can be derived the trolley velocity Vj. 
Then, if А, is the value which has been chosen for acceleration 
while resistance is being short-circuited, 


Time = h = V, +A; 
Distance = D, = 1/214, X Vi. 


Тә is next arbitrarily assumed on the motor curve together 
with its corresponding value of Ve. Then, 


Fa + Fa 


Т. = Ts — Ty, Fa = RT a2, Average Fa = > ; 


Average А = 9 < Average fa 
Also, 
Г. = V: — Vi Ve + Vi 


eee, йу. л 
Average А, ~ 


In this way a curve may be plotted with time as the abscissa 
and speed and the distance traveled as the ordinates. Horse 
power and amperes тпау also be included by reading the motor 
curve for the various values of T. 

Retardation should be taken at about the same value as was 
figured for the initial acceleration during the short-circuiting 
of the resistances. 

In considering the longitudinal mocion, which is used quite 
infrequently, it is evident that rapid acceleration is not at all 
important. The longitudinal speed will seldom exceed 120 ft. 
per min. or cwo ft. per sec.; if this speed is taken as the value 
attained when the resistance is all cut out, and if the latter 
Operation consumes four seconds, the value of A will be 0.5 
ft. per sec. per second, which will give a value for F, of approxi- 
mately 0.0155. Allowing 40 pounds of wheel rim friction per 
ton, owing to the fac: that the raio of axle to wheel diameter 
is generally large and the lubrication not always of the best, 
Fy will have a value of 0.02W. Therefore, 
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As a matter of fact it is usual to provide a longitudinal travel 
motor capable of propelling the machine against a 10-lb. wind 
pressure—a load which will usually equal the friction load or 
even exceed it by 50 per cent. During ordinary operation, 
therefore, there will be plenty of motor capacity for accelera- 
tion, but the peak to be carried when starting against a heavy 
wind should be carefully investigated. 

For movable car dumpers, unloaders and gantrv cranes of short 
span, the longitudinal travel motor is almost invariably mounted 
in a house somewhere along the bridge structure, the power 
being transmitted to at least half of the wheels of each truck 
by a system of spur and bevel gears. In this case the operator 
is often located close to the mechanism, which is usually sup- 
plied with a mechanical brake which may be released only by 
the application of the operator’s weight. A brake of this nature 
can be applied gradually, thus avoiding shock to the mechanism 
when it is brought to rest. | 

On long span gantrv crancs it is often desirable to place one 
or more motors on each truck in order to avoid the expense 
and the friction losses incident to the long squaring shaft used 
with a single motor bevel gear drive. In a case of this kind it 
has been found that there is little tendency for one end of the 
crane to run ahcad of the other, no matter what tvpe of motors 
may be used. Separate controllers are of course necessary for 
each end of the crane, and safety devices should be provided 
to prevent the structure from being twisted in case опе епа · 
gets too far ahead of the other. Ina case of this kind the motors 
must be supplied with solenoid brakes, which should preferably 
be of a kind іп which the full braking force is not applied 
suddenly. | 

In the foregoing calculations on acceleration no consideration 
has been given to the flvwhecl effect of the armature. Fig. 
5 shows a curve in which the fly wheel effect [IIt. X (rad. gvr.)?] 
of a number of armatures has been plotted against their horse 
power. The values given are obtained by averaging the actual 
values for several lines of standard d-c. mill motors. А curve 
of this kind may be useful at times for making preliminary 
calculations. 

The best plan for estimating the effect of the armature in- 
ertia is to translate the weight of the armature into terms of 
the moving load. Since іп the case of a trolley motion the 
speed of the motor is constantly varying, a gear ratio of some 
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sort must be assumed before any calculations can be made. 
As the equivalent weight of the armature is given at one ft. 
radius, the speed of this weight will equal two rev. per min.; 
"апа since Бу the assumption of a gear ratio there has been 
established a definite relation between motor rev. per min. 
and load feet per min., the armature weight mav be stated in 
terms of load weight by multiplving it by the square of its 
equivalent speed and dividing bv the square of the load speed. 
Owing to the fact that when figuring acceleration, the accelera- 
ting force required at the load must be divided Бу the efficiency 
(expressed as a decimal) in order to allow for the losses in gear- 
ing, it will be necessarv to multiply the equivalent motor 
weight by the efficiency before adding it to the load weight, 
since the accelerating force for the armature does not have to 


WT. ARMATURE IN LBS. « (RAD. OF GYR)? 


U б * ҚА) 
MILL RATING ОҒ MOTORS IN HORSEPOWER 


Fic. 5—CoMPOSITE CURVE OF FLYWHEEL EFFECT OF THREE DIFFERENT 
MAKES OF MILL MOTORS 


be transmitted through the gearing. With the usual type of 
trolley used in ore handling machinery, the acceleration of the 
trolley motor armatures may amount to ten per cent of the 
total. When calculating the capacity of the motor for any 
kind of work with which the engineer is not familiar, it is well 
to look into the matter of armature acceleration. 

It has been seen that in all trolley motions acceleration 15 
the main feature, while in longitudinal traverse motions it is 
less important, and in hoisting motions it is of little moment. 
Transfer cars іп this respect may be classed with the trolleys, 
while the cradle turning motions of the usual type of car dumpers 
are hoists. The mule haulage of a fixed car dumper is a com- 
bination of the two types of load, since the acceleration of the 
car to a speed of anywhere from 200 ft. to 400 ft. per minute ` 
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is a considerable item. This acceleration, however, takes place 
before the car gets well onto the grade, so that it is not or- 
dinarily combined with the gravity load. It may be added that 
this mule haulage motion is one іп which the writer has found ` 
that the flywheel effect of the armatures is a matter worth 
figuring, owing to the fact that the mule is run down the grade 
at a much higher rate of speed than normal and must be re- 
tarded very rapidly as it enters the mule pit. 

Referring again to the subject of hoists, the engineer should 
give due consideration to the question of lowering, which in 
any bucket handling device is hkely to require a very con- 
siderable negative force to be exerted by the hoisting mechanism. 
The question of dynamic braking has been gone into so often 
and so thoroughly that the writer will merely say that it is 
practically indispensable for lowering large buckets and the 
like. The dynamic braking current should be calculated in 
order to ascertain its heating effect on the motor. This cal- 
culation should be made by the use of the characteristic curve 
of the motor, it being borne in mind that the motor torque, 
and not motor horse power, is the thing to be first obtained. 
This torque will, of course, be reduced by the gearing losses 
instead of increased as in hoisting. | 

The specd of lowering may be increased considerably over 
the hoisting speed by increasing the resistance in the armature 
circuit, but care should be taken that the armature voltage does 
not rise very much above its normal value,—a point that may 
easily be checked after the dynamic braking current has been 
calculated. While the current produced by the armature may 
be returned to the line, vet this requires а more complicated 
form of controller than is usually used, and 1s moreover gen- 
erally practicable for one speed of lowering only. Up to the 
present, the great effort in the ore handling industry has been 
to secure reliability rather than any nicety of current economy 
and in the future reliability will still be the main consideration, 
since delays may possibly tie up a ship or even a blast furnacc. 

In entering upon the consideration of an ore handling prob- 
lem, the electrical engineer must have a fairly definite knowl- 
edge of how much ore it is required to handle per hour, per 
day and per vear. Тһе hourly rate will affect the gearing and 
also the peak load; the daily rate will affect the heating of the 
motors; while the усатіу rate will determine the number of 
kilowatt-hours on which figures for power are to be based. 
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After determining the minimum time in which the average 
round trip or cycle of a given machine is to be made, the en- 
gineer should draw a mental picture of the shortest path for 
the ore to travel. The hoist and trolley motions should then 
be geared so that when operating as nearly simultaneously as 
possible they will carry the ore through this short path. In 
other words, it is poor economy to install a hoist motor which 
wilt raise the load to the required height long before the trollev 
has reached the end of its travel. A rather more common error 
is to gear the trolley motion entirely too high, so that it is 
necessary to hoist for a considerable length of time before start- 
ing to traverse the trollev. Some trolleys are so improperly 
geared that they may cover almost half their average travel 
before the resistance is all cut out of the armature circuit. 
This is probably due to the fact that some designers persist 
in believing that the nominal speed of a series motor prevails 
under all load conditions. Gearing of this kind overloads the 
motors, produces high peak demands on the source of power, 
and is very unsuitable indeed where there are many short 
motions to be made. 

Having determined the proper gear ratios for carrying out 
the desired cycle of operation successfully, the. engineer should 
check up his motor by plotting a current curve. With enclosed 
motors the root-mean-square method may be used, taking the 
total time of the cycle as the divisor. This method 15 not strictly 
accurate, but has been found to be a good guide. Тһе only 
scientific way that the writer has seen to determine the heating 
of an enclosed motor is one which has been recently brought 
out by one of the large electrical companies. With this method 
the radiating capacity in watts for each frame 15 given and 
curves are furnished showing the motor loss in watts for various 
loads. Тһе average watts which must be dissipated by the 
motor for a given cvcle can thus be determined. 

With open type motors the root-mean-square method is also 
generally used for figuring the heating, but it should be re- 
membered that this type of motor is more dependent on the 
rotation of its armature for heat dissipation than is the enclosed 
motor. Тһе writer has been accustomed to estimate the equiva- 
lent value of the time when the motor is accelerating or re- 
tarding as being equal to two-thirds of the full-speed running 
time, the time at rest being taken as equal to about one-third 
of the running time, thus, if the cycle of operation of a given 
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motor be 60 seconds, of which 30 seconds is consumed in run- 
ning at fuil speed, 12 seconds in accelerating and retarding, 
while for 18 seconds the motor is at rest, then the total equiva- 
lent time will be 30 seconds plus 8 seconds plus 6 seconds, which 
equals 44 seconds. The latter value then would be used as 
the divisor under the radical in determining the r.m.s. current. 
While mill motors are usually rated on the horse power which 
they will develop for one hour with a rise of 75 deg. cent., 
open-tvpe motors may either be given their continuous rating 
at 40 deg. cent. or may have a nominal rating of about 50 per 
cent above their continuous capacity. The nominal racings 
of motors afford a basis of comparison between similar motors 
of the same type, and give some idea of che commutating capat- 
ity of the motor. They are not particularly valuable in any 
other way, as it is the continuous heat dissipating ability of 
the motor which is essential for sevece all-day operation. 
With most ore handling machinery the limitations of space 
do not permit the installation of the ordinary open type motor; 
moreover the mill type of motor is generally preferable on ac- 
count of its high momentary overload capacity and its sturdy 
mechanical construction. It will often be found, however, that 
an enclosed motar of this type, while in other ways ideal for the | 
work, may have insufficient heating capacitv for all-dav service. 
In such cases, if the motor can be protected, a semi-enclosed 
type of frame may generally be obtained, which will give a 
greatly increased heating capacity. With machines of the car- 
dumper type where there is plenty of room in the machinery 
house, open-type three-bearing motors are commonly used. 
After the engineer has plotted his current curves for each of 
the essential motions of his ore handling machines, these curves 
for one machine should be combined, showing the current input 
to the machine on its average cycle, care being taken not to 
include dvnamic braking current. Тһе current curves for the 
other machines should then be combined with the first one in 
order to find the characteristics of the load for the total plant. 
Where there are two unloaders at work the writer generallv 
assumes that an average condition will be for one unloader to 
be a quarter of a cvcle in advance of the other, this being a 
mean between the condition where the machines are in syn- 
chronism and where thev are half a cycle apart. Due provision, 
however, must be made for handling an occasional exceptional 
peak due to simultancous operation of the important functions. 


1915] GILPIN: ORE HANDLING | 409 


Where there аге a number of unloaders working together the 
writer generally figures that half of them may be in svnchronism 
at the same time. This is a question to answer which the engineer 
must use his best judgment, combined with considerable 
patience in trving out various combinations of load cvcles. 
It is obvious, however, that the peak loads of a number of ma- 
chines will very seldom come at the same time; in such cases it is 
better to let the circuit breaker open than to provide the neces- 
sary equipment for handling such an unusual condition. 

With an installation which obtains its current from the power 
house of a large steel mill, the question of peak load is not very 
serious. In the case of an isolated dock, however, a complete 
generating station must be built, or else power must be pur- 
chased—and іп both of these cases the form of the load curve is 
very important. It will usually be found that the public service 
corporations will supply power at a cost which is slightly under 
the cost of generating the power at the dock, if the proper allow- 
ances be made for depreciation, possibility of accidents, etc. 
Since purchased power is almost invariablv in the form of al- 
ternating current, the possibilitv of using a-c. apparatus is a 
question that is alwavs with us. Where machines of the type 
of the Hulett stiff-legged unloader are used,—and these machines 
unload most of the ore on the Great Lakes,—alternating current 
is out of the question. The Hulett machine owes much of its 
success to the fact that the operator is in close proximity to his 
work, and can gage distances to within a verv few inches. 
Without the use of a delicate svstem of control, which is possible 
only with direct-current dvnamic braking, this advantage would 
be largely lost. 

For transfer cars, direct current is almost essential, since 
such cars are best propelled bv 1ailwav or mine-type direct- 
current motors. Ап a-c. motor of similar size, even if designed 
for axle suspension, would hardly have sufficient torque to obtain 
rapid acceleration. 

Bucket handling gantry cranes and crane type unloaders can 
use alternating current if their hoist motions are provided 
with dynamic braking. This dynamic braking is obtained by 
exciting one phase of the stator from a small low-voltage direct- 
current motor-generator set, the resistance in the rotor circuit 
being changed to obtain the various changes in speed. This 
system 1s not very reliable, however, as the dynamic braking 
torque depends very considerably on the proper combination of 
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rotor speed and resistance, and 15 likely to be lost almost en- 
tirely if a too rapid retardation isattempted. Thetrolley travel 
motors are also not nearly as satisfactory, since all the accelera- 
tion must be obtained while short circuiting the starting resist- 
ance, whereas with a series d-c. motor this operation will prob- 
ably bring the motor only up to half speed, the rest ot the in- 
crease of speed being attained after the resistance is cut out. 
Тһе a-c. trolley motor, therefore, may often be badly overloaded 
while starting, yet after acceleration it may be underloaded 
to such an extent that its power factor is verv bad indeed. 

The writer believes that a fairly successful a-c. car dumper 
may be designed, although it would cost more than a d-c. 
machine and would undoubtedly give more trouble. There might 
be cases, however, where the installation of such a machine would 
be justifiable, provided that the required rate ot handling ore 
were not very high nor the continuity of operation very important. 

It should be borne in mind that while mill-tvpe motors may 
be obtained for 25-cycle circuits, the 60-cycle motors obtainable 
are all of the open tvpe, requiring protecting from the weather. 
These motors should also be provided with an outboard bearing 
when their ratings exceed 25 horse power. 

After a preliminary decision has been made as to whether 
alternating or direct current 15 to be used, the power contract 
offered should be carefully inspected. This contract will 
invariably provide а charge for each kilowatt of demand, this 
charge varying from one to two dollars per month. The way 
the demand is figured, however, varies quite widely with different 
power companies; with some it is the shortest peak which can be 
detected by a curve-drawing instrument, while with others it 
is the average of the load for the worst hour during the month. 
Other companies base their demand charge on the capacity of 
the transformers in the substation, but іп this case they some- 
times allow themselves the option of installing a curve-drawing 
instrument, determining their charge by a certain per cent of the 
indicated peak for a given time if such peak shows a higher 
monthly charge than could be calculated from the rating of the 
transformers. 

Where the ore handling machinery is operated by a-c. motors 
thereislittle that can be done toward reducing demand charges, but 
ifasubstation with motor-generator sets orsynchronous converters 
is installed, there is a possibility of diminishing these charges under 
certain conditions. When the demand is based on a peak lasting 
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five seconds or less, a synchronous converter plant with а fly- 
wheel balancer is usually applicable. This flywheel balancer 15 
a shunt wound d-c. machine which is connected across the bus- 
bars, and which sometimes acts as a motor and at other times as 
a generator. It has coupled to one end of its shaft a laminated 
flywheel running at very high speed. When the peak load comes 
on, the regulating apparatus strengthens the field of the balancer 
so that it generates direct current into the busbars until its speed 
—and consequently that of the flywheel—has been reduced to the 
value corresponding to the strengthened field. After the peak 
load is over, the field is automatically weakened and the balancer 
gradually brings the flywheel up to its former speed. 

The synchronous converter substation, provided where neces- 
бату with a flywheel balancer, will generally be found to be cheaper 
and more economical of power than a motor-gencrator station, 
the flywheel equipment in both cases being equal. Тһе motor- 
generator set, however, may have the advantage 1n certain cases. 
. For one thing, the direct voltage mav be more easily controlled. 
The principal advantage, however, is in cases where the demand 
charge is based upon the rating of the connected apparatus. 
Since the size of the d-c. machine will almost always be governed 
Бу its commutating capacity, it is evident that the a-c. apparatus 
supplying it with power may have a much smaller rating than 
would be supposed, provided that 1t 1s protected from excessive 
peaks. Now, a comparatively small fly wheel will prevent the 
motor of the motor-generator set from pulling out of step, and 
even if the speed falls off considerably a voltage regulator can 
be used at the direct-current end if a steady voltage 1s necessary. 
An installation of this kind is, therefore, worthy of consideration 
under the proper conditions. 

The meter charge for power furnished is often graduated, 
decreasing as the quantity of power consumed increases; in some 
cases the rate for the last gradation may be as low as 0.5 cents 
per kw-hr. and the:combined peak and meter rate may be less 
than one cent per kw-hr. Whileit will usually be found that any 
economics in power consumption affect the cheaper rather than 
the higher power rates, still in certain instances such econ- 
omies may tend to reduce the demand charge. For instance, 
series parallel control will reduce the starting peak of a trolley 
mechanism or a transfer car very considerably, and may also 
be profitably employed in mechanisms such asthose of car dumper 
cradle hoists or mule haulages. This system is not always 
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adapted to bucket hoists, as there is usually one independent 
motor and controller for each of the two parts of cable by which 
the motion of the bucket is controlled. Іп case series-parallel 
control should be used with a hoist motion, care should be taken 
to choose a type which passes from series to parallel smoothly. 
This point is particularly applicable where conpound-wound 
motors are uscd, owing to the back e. m. f. whichis always pres- 
ent in the moving armatures of such motors. 

In summing up the question of choice of motors for ore 
handling equipment, preference should be given to the mill 
type where the room 15 restricted and where momentary over- 
_loads are severe and often repeated. Enclosed crane motors are 
satisfactory in the smaller sizes for less severe and less trequent 
service, while open {уре motors are excellent tor service of the 
car dumper type where heating 15 quite a factor but where 
overloads are not very severe. As stated before, either railway 
от mine-type motors may be used with transfer cars, but it the 
latter are installed they should probably have a better margin 
of safety than the former, as they are very compactly built. 
Mine motors are, however, very convenient in some cases, because 
they are designed for slow speed, high torque work. 

With regard to the type of field winding, experience has shown 
that the series-wound motor is admirable for almost all classes 
of ore handling machinery. Occasionally it is necessary to use 
a compound-wound motor where there is danger of a runaway, 
but the shunt field, especially 1n the restricted space available 
in a mill motor, is a distinct point of weakness with regard in 
insulation. 

It 1s the practise at the present time to install. contactor 
{уре control for every motion of апу importance whatever. 
This type of control pays for its increased cost, not only in de- 
creased depreciation and maintenance, but also because the 
opcrator need pav so little attention to it that he is free to con- 
centrate his mind upon his work. . 

With hoist controllers it is usual to give the operator at least 
one power point in the lowering direction so that he may pay 
off slack in case the negative load is absent. Тһе other 
steps тау all be dvnamic braking. Іп any case, :he armature 
and field should at all points be included in some kind of a closed 
circuit with one another so that there will be no possibility of a 
runaway. 

Trolley controllers usuaily do not include dynamic braking, 
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апа тпау ог тау not have serics parallel control, although the 
use of two or more motors on large trolleys is universal in order 
to secure sufficient traction. If dynamic braking 15 desired, 
the motor fields should be separately excited so that the motors 
will act as shunt generators. If the conneccions are such that 
the motors are turned into series generators, not only will the 
armatures have to be reversed for dvnamic braking to take place, 
but the braking itself will be very uncertain. At low speeds 
it may entirely fail to materialize, while at high speeds it may 
be over-severe. Probably a good air brake equipment on the 
trolley is superior to dynamic braking, unless the operator is 
located at a distance from the mechanism. It should be re- 
membered also that it is quite safe to “plug” the trolley motors 
if a point of high resistance is available to limit the consequent 
rush of current. 

Motor-driven apparatus combined with contactor-type con- 
trol is particularly suited for automatic travel limitation. 
Systems of this kind vary from the simple cutting off of power, 
which is all that is necessary for a bucket hoist, to the slowing 
down by armature shunting and the subsequent acceleration, 
which are automatically obtained, іп some car dumpers, just 
as the mule engages the loaded car. Dynamic braking, if de- 
sired, may also be obtained automatically by means of a limit 
switch. Where slow speeds are desired with light loads, arma- 
ture shunting is generally used. Опе point, however. is often 
rather unsatisfactory, as it 1s likely to be too violent during 
the first part and too weak toward the end of retardation. 
If series-parallel control with compound-wound motors 15 used, 
half speed тау easily be obtained, whether the load is light 
or heavy; but the control should be such that resistance is in- 
serted momentarily into the armature circuits during the transi- 
tion, so that the current generated back into the line will not be 
excessive. 

Solenoid brakes are used almost universally іп ore handling 
machinery where there is any kind of a gravity load. Possibly 
the best friction surface of such brakes consists of some one 
of the several asbestos compounds which may be obtained, 
although iron shoes are often used. Solenoid brakes are gen- 
erally mounted on the armature shaft of the motor, but in very 
important mechanisms where it is feared that there is a chance 
of the motor pinion failing, the brake wheel may be placed on 
the countershaft. Тһе series type of winding is preferable as 
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far as strength of insulation is concerned, but is impracticable 
where the load is likely at times to decrease fo a very low value. 
In such cases shunt winding should be used, a separate contac- 
tor on the controller generally being necessary to handle its 
circuit. 

While there are several lines of excellent motors on the market, 
detail improvements are still possible in some directions. The 
writer’s experience is not nearly so extended as that of one 
engaged in maintenance work, but the results of his observation 
would indicate that the following points are worth watching: 

Insulation of ficlds, especially where shunt windings are used. 

The mica in the commutator, which in many cases should 
be undercut. 

The construction of the armature spiders and the bracing 
of the rear ends of the armature coils, which are subjected to 
great strains where motors are allowed to over-speed and are 
then suddenly retarded. 

In spite of the use of commutating poles, sparking at the 
commutator is not uncommon. Where this occurs from ex- 
tremely rapid changes in loads, the trouble may possibly be 
that the solid cores of the commutating poles do not respond 
as quickly to the magnetomotive force as do the laminated 
cores of the main poles. In other cases, sparking and com- 
mutator heating may be traced to the vibration of the gears. 
The use of cut herringbone gears in such cases often leads to a 
remarkable improvement in commutation. Indeed, 11 is hkely 
that the future will see a very wide use of these gears in the ore 
handling industry. When properly set up their hfe 15 long, 
their efficiency high, and noise is almost absent. The makers 
of these gears recommend that the pinion be mounted between 
two independent bearings, with a connection to the motor 
shaft by a flexible coupling. While this is doubtless the ideal 
method, vet in manv cases where these gears have replaced 
spur gears, without any other change having been made, they 
have given satisfaction. Pinions should be set up, however, 
with due regard to a possible magnetic longitudinal pull of the 
motor shaft. 

With regard to electrical troubles which may be experienced 
with an ore handling plant as a whole, the writer has found 
that most of them come from a piecemeal method of design 
which often prevails. The purchaser of machinery for a dock, 
for instance, will sometimes buy the unloading equipment from 
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one concern, the stock pile gantrv from another, while he will 
put in the substation apparatus and the contact rails himself. 
In this way the various parts do not always match as best they 
should, and in some cases the substation is not of a design 
which is well adapted to keeping the power bills at a minimum. 
А consideration of the foregoing will perhaps make it apparent 
that the following points are essential to a well-designed plant: 

The calculation. of the shortest path through which the ore 
is to travel. 

The determination of the characteristic of the loads incident 
to moving the ore through this path at the proper number of 
trips per hour. 

The provision of electrical equipment capable of carrying 
these loads with a minimum peak and a maximum of reliability. 

The installation of a substacion, if power is to be purchased, 
that will handle the load satisfactorily and will also be best 
suited to the power contract, considering both demand charges 
and the total kilowatt-hours co be used per year. 
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THE FACTORS INVOLVED IN MOTOR APPLICATIONS 


` 


BY DAVID B. RUSHMORE 
e. 


—— 


HE work of applying electricity to industrial operations 
consists in properlv combining the motor, controller and ma- 
chine to be driven. This involves the characteristics of all 
three and a number of other features which are concerned more 
or less in the particular situation. 
The following is a list of some of the factors involved and is 
intended to be used as an introduction to a discussion on the 
individual features concerned. 


SUMMARY OF THE FACTORS INVOLVED 


1. Alternating or direct current available? 

2. Voltage and frequency (if alternating current)? Possible 
variations in same? 

3. Capacity of generating station and lines? Other load on 
systems? (This information is required for determin- 
ing effect of starting). 

4. Description of machine to be driven? Continuous. or 
intermittent service? Can intermittently operated ma- 
chines be arranged as to not operate simultaneously? 
Limited speed? 

9. Method of drive. Group vs. individual. Direct connec- 
tion (Size of coupling, rigid or flexible, insulated? Shaft 
extension, sub-base, etc.) 

Belt drive (Size of pullev, distance between pulleys, out- 
board bearing, belt tightener?) 

Chain drive (Size of pinion). 

Gear drive (Size of pinion). 

Friction drive (Is motor to be started light and clutch 
thrown їп when motor 1s up to speed?) 

6. Load conditions. | 
Continuous? | 
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Cycle-dutv, in which a definite cycle repeats itself with 
more or less regularity, the machine stopping between 
each cycle? 

Varying-load duty, in which more or less definite cycles 
are repeated, but motor runs continuously? 

(Load diagram required during a complete cycle of 
operation. This gives the maximum horse power, 
length of load on, time off and friction load). 

Can any parts of cycle be'varied with benefit? 

Variation in load caused by change of conditions, such 
as decrease in the head on a centrifugal pump. Al- 
lowance must be made in the moto1 size to take care 
of such contingencies. 

Future conditions? It is possible that the load on the 
motor тау be soon increased? Motor speeded up? 
Flywheel effect required? 


Starting conditions. 


Frequent starting, stopping or reversiny? 
(Number and time off?) 
Time of acceleration? 
Does load on motor increase as it comes up to speed? 


8. Speed. 


Is close speed regulation essential? 

Constant speed? 

Adjustable speed? 

Vaiving speed? 

Multi-speed? 

Speed range required? 

At reduced speed, is horse power output reduced in 
proportion to speed (1.е. constant torque)? If not, 
give the proportion. 


9. Control. 


Hand or automatic? 

Remote? 

Overload or no-voltage release? 
(Time seiting?) 

Limit switches? 

Brakes? 
(Mechanical o1 electrical?) 


Stopping of large motors? 
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10. Conditions of location. 

Dust, moisture, acid fumes, inflammable material, high 
temperature, etc.? 

Ventilation? 

Space conditions? 
(Method of mounting motor, access for repairs, etc.) 

Safety arrangements? 

Insurance regulations? 


Digitized by Google 


To be presented ut the 306th Meeting of the 
American Institule of Flectrrical Engineers, 
Cleveland, O.. March 18-19, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


LINE DISTURBANCE CAUSED BY SPECIAL SQUIRREL- 
CAGE AND WOUND-ROTOR MOTORS WHEN 
STARTING ELEVATORS AND HOISTS 


BY J. С. LINCOLN 


ABSTRACT OF PAPER 


The author examines the cause of line disturbances in start- 
ing hoists and elevator motors and draws comparison between 
the performance of wound-rotor motors and squirrel cage motors 
of a special design for elevator service. Diagrams are given 
showing graphically the current required for each type of 
motor to produce a given torque, and the method of control , 
required by different types of motors is also considered. Тһе 
performances of both tvpes of motors at maximum, ordinary 
and light loads are compared. 


HERE IS a widespread opinion among the engineers of 
many public service companics furnishing electric power, 
that wound-rotor motors are inherently superior to squirrel 
cage motors for hoist and elevator drive, and this is, shown bv 
rules issued by some of the larger companies restricting the 
amount of maximum current that may be supplied to squirrel- 
cage motors, while the restrictions imposed on wound-rotor 
motors are much less rigid. Тһе object of such regulations on 
the part of public service companies is to minimize line dis- 
turbances and provide as good voltage regulation as possible 
under the actual conditions of service. 

The object of this paper 16 to examine the causes of line 
disturbances in starting hoist and elevator motors and to deter- 
mine, if possible, if the preference for wound-rotor motors for 
such service is well founded. ` 

Hoists and elevators аге so gencrally constructed with a 
worm to which the motor is directly connected, engaging a 
worm wheel to which the load is attached, that only this type of 
mechanism will be considered in this paper. 

There is a rather remarkable lack of exact knowledge among 
the builders of hoists and elevators as to the amount of torque 
actually required to start the load as compared to what would 
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be required if there were no friction. Тһе amount due to fric- 
tion is assumed by many of the elevator builders to be 50 per 
cent. To put this in concrete shape, let us assume that an 
elevator builder has reccived a contract for an elevator in a dis- 
trict where a-c. power only is supplied, which has to lift a load 
of 3000 lb. at a rate of 100 ft. per minute. He will figure the 
weight of the car and provide counterbalance for it, and then, 
in addition, will provide counterbalance for part of the load. 
Usually about 40 per cent of the load is counterbalanced. To 
put it another way, the ordinary load is assumed to be 
40 per cent of the maximum, and at 
this load the weight of the car and 
load together equals the counterbal- 
ance, so the power required by the 
motor at this load is zero, except for 
friction. At maximum load, this will 
give a net load to be lifted of 1800 lb. 
and the net work done will be 1800 
x 100 = 180,000 ft-lb. per minute 
or 5.45 h.p. The elevator builder 
would double this for friction, making 
10.9 h.p. and then, if he had figured 
оп a close margin of profit, would 
probably use a 10 h.p. motor. He 
knows that all motors are capable of 
some overload and he trusts that the 
overload capacity of the motor, and 
the fact that his particular machine 
has “very little friction”, will enable Fic. 1 

him to lift the maximum load. Sup- 

pose the motor has a maximum torque corresponding to twice 
the normal rating, then starting efficiency would have to be 


5.45 
2 X 10 

An experience with a number of different machines built by a 
number of different makers shows that the starting efficiency is 
from 15 to 20 per cent. Тһе starting efficiency is determined 
as follows: 

Fig. 1 shows an elevator in outline, the winding drum, the 
worm under oil, the coupling, the motor, a pipe wrench fastened 
to an extension of the motor shaft (or to the worm shaft near the 
coupling if there is no shaft extension on the motor), a spring 


= 27 per ceñt in order that the 3000 1b. may be lifted. 
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scale or balance attached to the handle of the wrench, say 24 in. 
from the center of the motor shaft. Full load is now put on the 
elevator and the brake lifted off, the spring balance 16 lifted until 
the motor shaft moves in such a direction as to lift the load. 
This test is repeated at say ten or twelve points in a revolution 
of the motor shaft and the maximum lift on the spring balance 
is noted. From this maximum is deducted the dead weight of 
the wrench handle, and the balance is the net force required to 
start the load. Let us assume that the synchronous speed 
of the motor is 900 rev. per min. that the net lift was 88 lb. 
The horse power developed at 900 rev. per min. would be 


900 X 88 X 2 X 2m 

33,000 
The useful work done at 900 rev. per min. is 5.45 h.p. The 
required starting torque corresponds to 30.2 h.p. at 900 rev. per 


= 30.2. 


| : ; ; 5.45 
min. Тһе starting efficiency in this case is then 302 = 18.1 per 


cent. If the manufacturers of ordinary elevators would multi- 
ply the net work done by the elevator Бу five or six instead of 
two, they would come closer to the actual torque required to 
start the load with a new hoisting equipment. 

So far only starting efficiency has been considered, for experi- 
ence has clearly shown that once the load is started a much 
smaller amount of torque is required to lift it. The reason for 
the greater torque required to start the load over that required 
to lift it is probably due to the fact that there 1s an opportunity 
for the load to squeeze the oil from between the worm and worm 
wheel and from the bearing that carries the end thrust of the 
worm, so that at the instant of starting the surfaces are dry and 
the metallic surfaces are in direct contact with cach other, while 
after starting, oil is carried between the surfaces and during the 
lift the metallic surfaces have a film of oil between them, thus 
greatly lessening the friction. 

In order to obtain an intelligent conception of the best type of 
motor for operating motors and hoists, it will be necessary to 
know approximately the character of the load. . We know that 
the starting torque is higher than the running torque. Тһе 
question is, how much higher? Inquiry among the manufac- 
turers of gears and elevators and worm drive automobiles failed 
to give an answer to the question and it was decided to answer 
it by direct experiment on a freight elevator. 
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The elevator sclected has been in use for two and a half 
vears and has a full load capacity of 3000 lb. It has a stecl 
worm and cast iron gear, the worm being entirely under oil. 
The starting torque was found by loading the car with 3000 Ib. 
and following the method shown in Fig. 1. The running torque 
was found by carefully measuring the input in watts and deduct- 
ing the watts lost in the stator windings and stator iron. The 
difference was, of course, delivered to the rotor, which taken in 
connection with the synchronous speed, determined the torque, 
The net torque after deducting the weight of that part of the 
wrench handle carried by the spring balance was 45 lb. апа 
the radius 3 ft. 9 in. The corresponding torque at one ft. 
radius 15 then 45 X 3.75 = 169 lb. The power supplied to the 
motor in order to lift the load showed a variation of at least 40 
per cent, a little over 10 kw. being required to lift the load on 
some of the up trips and over 14 kw. being required on other trips 
with the same load. Let us take 12 kw. as the average power 
input. The ІК loss in the stator coils and the iron loss in the 
stator iron equals at this current approximately 1800 watts. 
There will be therefore, 10.2 kw. or 13.7 h.p. delivered to the 
rotor. The torque at one ft. radius corresponding to 13.7 h.p. 
equals 80 lb. Тһе running torque is therefore, about one half 
of the starting torque on this particular hoisting equipment 
which had been in use two and a half years. 

The gear ratio and drum diameter on this machine were such 
that at synchronous speed of 900 rev. per min. the load would 
be lifted at 70 ft. per minute. The counterbalance was a little 
short so that the net load lifted when 3000 lb. was put on the. 
clevator was about 2100 lb. Тһе useful work done then was 


2100x 70 m ! 
— 33000 4.45 h.p. The power delivered to the rotor 
| 4.45 
was 13.7 h.p. Тһе running efficiency is therefore 137" 


32.5 per cent, and the starting efficiency about half of this, or 
about 16 per cent. І believe both the starting and running 
efficiency of this machine are low on account of the cast iron gear, 
and that the starting efficiency of this machine after two and a 
half years of use is about what 15 obtained by a hoisting equip- 
ment with a new bronze gear. 

The voltage drop in any a-c. circuit is due to two factors, 
first the drop due to ohmic resistance, depending on the amount 
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of current and the resistance of the transformer and connecting 
wires. "The other source of drop is duc to the inductance of the 
transformer and leads. In this paper it will be assumed that 
the drop in the leads and in the primary supply are equal to the 
drop in the transformer. A company manufacturing a standard 
line of three-phase transformers has given me the following 
figures: 


Power Factor 


| 60% | 70% | gos, | 90% | - — 1006; 
== женген жәке тик көнек 
5. жы | 2361 | 2467 | 236; 22€; 1.7 %- 
7.5 “* | 21“ 99“ 2] * 20 * 1.55 * 
0“ 22 <“ ny « 21 4 20 “ 1.45 * 
15 <“ 55 4 95 « Q4 4 2] « 1.35 “ 
20 <“ 26 “ 26 “ 24 « 22 <“ 1.35 “ 


It will be seen from this table that in transformers of 15 kw. 
and above, the drop at 70 per cent power factor is nearly twice 
what it is at 100 per cent. At 71 per cent power factor, the real 
watts and the quadrature watts are equal. It is clear from this 
table that the drops are proportional to the current, and further, 
the drops increase as the power factor decreases. 

It will be necessary then to examine the characteristics of 
wound-rotor motors and the special squirrel cage motors re- 
ferred to in this paper to determine the currents required to give 
the required torque and the power factor of the currents. 

Ву what is known as а Hevland circle diagram it is possible 
to show graphically the currents required by an induction motor 
to produce a given torque, the maximum torque the motor is 
capable of producing and the power factor under the different 
conditions. 

Fig. 2 is the circle diagram of a slip-ring motor, in which oy 
is the vertical axis, and quantities parallel to. this axis mav be 
read as true watts, or as torque, when multiplied by the proper 
constant; ox is the horizontal axis and quantities parallel to this 
axis may be read as quadrature watts: oa represents in length 
the current taken by the motor running light. The angle 
yoa is the angle of lag of the current behind the voltage, and od 
shows the current that will be taken when the short circuited 
rotor is blocked or cannot revolve. The current that would be 
taken if there were no ohmic resistance in the rotor is represented 
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by oc. The length of the line df represents the torque delivered 
by the motor when all resistance is cut out of the rotor circuit. 
If resistance equal to nearly twice the resistance of the rotor is 
inserted into the rotor cfrcuit, the current taken by the motor 
when blocked is reduced %о-ос but the torque is increased to cg. 
If the resistance in the rotor circuit is Increased to about 6.5 
times that of the rotor, the current taken by the motor is de- 
creased to ob and the torque changed to 8). 


IDEAL THEORETICAL OPERATION OF WOUND-RoTOR MOTORS 


In theoretical ideal operation, a high resistance is inserted in 
the rotor circuit and the primary current would be represented 
by ob at the instant the current is thrown on. The motor is 
supposed to start and if it does, the increase in speed of the rotor 
acts like an increase in the resistance in the rotor circuit so far 


Fic. 2 


as the primary current is concerned and the primary current 
decreases as the rotor speed increases. The slip is very large on 
account of the large external secondary resistance and after the 
rotor has attained a proper speed, part of this resistance is cut 
out and the total resistance is reduced from 6.5 times to about 
twice the resistance of the rotor. Reducing the resistance of the 
rotor circuit reduces the slip in the rotor, and the speed is therc- 
fore raised. Cutting out this resistance increases the current 
in the primary but the speed of the rotor is supposed to be high 
enough when the resistance is cut out so that the primary cur- 
rent docs not rise above ob. 

After a further increase in speed, the remaining resistance of 
the rotor is cut out and the rotor runs at nearly synchronous 
speed to the end of the trip. It will be noticed that the torque 
per ampere in the starting condition corresponding to 05 is 
high, the torque corresponding to the length of the line 5j and 
the primary current to 0b. Further, the power factor of this 
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current is good, the angle box being large and therefore, its 
cosine is small. It is upon the supposition that slip-ring motors 
operate in the manner just described that they are preferred or 
required by many power companies. 


THE ACTUAL OPERATING CONDITIONS 


Let us examine the actual operating conditions. A majority 
of elevator controllers are of the series relay type and are so 
designed that the second step of resistance will not be cut out 
until the motor starts, and the line current, therefore, is reduced 
by the rotation of rotor to less than a predetermined maximum. 
The reason for this 16 to secure the ideal cycle described above. 
Unfortunately, the motor тау have to lift it’s maximum load 
at times, and therefore, the resistance must be so adjusted that 
the motor will be sure to start. Therefore, instead of the first 
step having a high rotor resistance and a small primary current 
corresponding to ob, Fig. 2, the resistance must be adjusted at a 
much smaller value so as to give the primary current shown in 
Fig. 2, or oc, in order to give the maximum starting torque cg. 

If the torque required to start the elevator is nearly equal to 
the maximum torque the motor will deliver, it will be necessary 
to adjust the secondary resistance to get the maximum torque, 
and therefore the primary current shown in Fig. 2 by oc. The 
torque per ampere with the primary current 00 15 30 per cent 
higher than with the current oc. Further, it is likely that in 
adjusting the secondary resistance to give the maximum start- 
ing torque this resistance may be too low. If such ап adjust- 
ment was made for the motor shown in Fig. 2, the current at 
starting might be increased from oc to od but the torque -would 
: be decreased from cg to df. Тһе torque per ampere, as compared 
with the secondary resistance adjustment that gave the primary 
current 0b, would be only a little over one-third. Further, the 
current od has а lower power factor than the current oc and only 
about half the power factor of the current 0b. From the stand- 
point of the central station man, it is the possibility of bad | 
adjustment when the controller is new and the probability of 
bad adjustment when the controller is old and worn, that consti- 
tute the great objection to the wound-rotor motor. 


A SQUIRREL CAGE Motor DESIGNED ESPECIALLY FOR ELEVATOR 
AND Hoist Duty 

The above considerations induced the writer to design, several 

years ago, a special squirrel-cage motor for elevator duty. This 
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motor has a rotor of very high resistance, and therefore the 
maximum or starting current is only one-third to one-half of 
what it would be with the ordinary squirel-cage motor. The 
torque at starting is about 85 or 90 per cent of the maximum 
torque the motor could deliver with a rotor having resistance to 
give the maximum torque. The characteristics of such a motor 
атс shown in the larger circle in Fig. 3. Тһе smaller circle in 
the same figure shows the characteristics of a wound-rotor motor 
with the same stator winding and the same number of slots in 
both stator and rotor. The line b; shows the maximum torque 
of 610 ft-lb. that could be obtained from the motor by a primary 
current ob. The line ac shows the actual torque that is obtained 
by the use of an extra high resistance rotor. The torque cor- 


Squirrel Cage Circk — 


b 
! 
! 
! 
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! 
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responding to primary current оа is ас, ог 540 ft-lb. This is 
88 per cent of the maximum obtainable torque. The torque per 
ampere with the primary current oa is however, about 30 per 
cent higher than it would be if a rotor of lower resistance were 
used and a primary current ob was obtained. With a motor of 
this construction it is impossible to obtain large currents at 
low power factors such as would result from an improper adjust- 
ment of resistance, or defect in the controller of the wound- 
rotor motor. Тһе torque per ampere and the power factor at 
maximum current are always high. It will be seen that the 
maximum torque that can be obtained from this motor supplied 
with a wound rotor is 470 ft-lb. This would be obtained with а 
current ok which is greater than oa, and also of lower power 
factor. If a maximum torque of say 500 Ib. was required it would 
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not be possible to use a wound-rotor motor built with this size 
of frame and a larger frame would have:to be used. In Fig. 4, 
the larger circle is a duplicate of the large circle of Fig.3and shows 
the characteristics of a squirrel-cage motor with a special rotor. 
This frame is designed for a 15-h.p. motor for continuous duty 
with a 35 deg. temperature rise. The smaller circle shows the 
characteristics of a wound-rotor motor of the next larger frame, 
rated at 20 h.p., for continuous duty at 35 deg. temperature rise. 
It will be seen that the maximum torque of the wound-rotor 
motor is practically the same as that of the squirrel cage; 625 
and 610 ft-lb. repectively. Let us see how the two motors 
compare at the maximum torque of the squirrel-cage motor, 
540 ft-lb. Тһе line oa represents the primary current of the 
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.Squirrel-cage motor, and ob the primary current of the wound- 
rotor motor required to produce the same torque of 540 ft-lb. 
The current ob is a little greater than oa and has a little poorer 
power factor. 

To compare the two motors at light load, I have assumed that 
150 ft-lb was the torque required of the motor to lift the ordinary 
load on the elevator after starting. Line om shows the primary 
current required by the squirrel-cage motor and on the current 
required by the wound-rotor motor. At ordinary loads, then, 
the wound-rotor motor takes more current and this current has 
a lower power factor. 

Our examination, therefore, has shown that the special squirrel- 
cage motor is superior to the wound-rotor motor when both 
motors are required to produce the same maximum torque. 
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It is also superior when both motors are running at light loads. 
Let us consider, then, if there are any circumstances under which 
the wound-rotor motor would be superior to the special squirrel- . 
cage motor. 

If instead of using the standard serics relay type of controller 
for the wound-rotor motor, a dash-pot tvpe of controller was 
used, it is clear that if the load on the elevator and the required 
starting torque were small, the wound-rotor motor would start 
` up with such a high resistance іп the secondary circuit as to give 
a small primary current and much less than the maximum torque. 
Such an installation would start a light load with less primary 
maximum current than the special squirrel-cage motor, and if a 
greater torque was required, it could be obtained when the sec- 
ond step of resistance was cut out. Experience scems to show, 
however, that such a controller is not satisfactory in practise, 
for only a few are in use. There are serious objections to 
this type of controller, among which are the following: 

(a) The time required to start the elevator after current is 
thrown on the motor will depend on the adjustment of the dash- 
pot and if this is properly adjusted for light loads, the motor 
will not start with heavy loads until one or more steps of resist- 
ance are cut out. Under usual conditions, this leads to an adjust- 
ment of the dash pot that will allow the steps to be cut out much 
too fast, or to an adjustment of the resistance such that the maxi- 
mum load will be started on the first step of resistance. If the 
resistance is so adjusted, all the advantages of this type of con- 
troller over the series relay type are sacrificed, and any possible 
advantage of the wound-rotor motor over the special squirrel- 
cage motor is also sacrificed. | 

(b) The adjustment of a dash-pot will not remain constant: 
Changes in the temperature of the dash-pot will affect the adjust- 
ment, and the presence of dirt and corrosion will also affect it. 
These causes may be depended upon in time to so alter the time 
of operation of the controller that a change in the adjustment 
of the controller will have to be made. The great danger in 
such a change is that it will allow too rapid a movment of the 
controller. Such a rapid movement with light load on the eleva- 
tor will not affect operation but if the maximum load is put on 
the elevator it is likely that the motor will pass through its posi- 
tion of maximum torque (sce Гір. 2) before the motor has attained 
much speed and reach the condition represented by the primary 
current of Fig. 2, in which the torque 1s only about half the maxi- 
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mum, and in consequence the elevator would stall. This is the 
difficulty that the series relay type of controller climinates. 

A secondary advantage of the special squirrel-cage motor from 
the standpoint of the central station man is its more satisfactory 
service aS compared with the wound-rotor motor and its con- 
troller. Experience has shown that nearly all the delays and 
troubles on wound-rotor motors are due to small repairs and 
adjustments on the controller, slip rings, brush holders and 
brushes. If the special squirrel-cage motor is used, the controller 
slip rings, brush holders, brushes and wound rotor are eliminated, 
therefore, the service is less liable to interruption. It is to the 
interest of the electric power station to have devices on its line 
that give no trouble; for the less trouble experienced, the more 
motors are installed and the moré power is used. 


CONCLUSIONS 


(1) In a given installation, both the squirrel-cage and wound- 
rotor motors must be capable of lifting the heaviest load and 
therefore, must be capable of exerting the same maximum torque. 

(2) If the standard series relay type of controller is used on 
the wound-rotor motor the maximum torque must be exerted 
on the first step, for sometimes the maximum load has to be 
lifted. 

(3) If the same maximum torques are exerted by both types 
of motors greater starting currents are required by the wound- 
rotor motors than by the special squirrel-cage and these larger 
currents are taken from the supply lines at lower power factors. 

(4) In lifting the ordinary load which is much less than the 
maximum, more current 1s required by the wound-rotor motor, 
and this current is taken from the lines at lower power factor. 

(5) In order that the wound-rotor motor may start with less 
current than the special squirrel-cage motor, under any circum- 
stances, a controller must be provided in which the steps of 
resistance are cut out in approximately equal time intervals. 
This is best accomplished by means of a dash-pot. Experience 
has shown the dash-pot controller to be subject to so many 
troubles that few of them are used. 

(6) Elimination of the first cost, maintenance and troubles 
of controller and slip-ring motors, by the use of special squirrel- ` 
Cage motors, will cause more motors to be installed on slow- 
Speed elevators and hoists, and more current to be sold. 
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ANSWERS TO SOME QUESTIONS ON ELECTRIC ARC 
WELDING | 


BY J. F. LINCOLN 


ABSTRACT OF PAPER 


The paper contains a general description of the process of 
electric arc welding and discusses some of the general principles 
involved in this work. Some of the principal difficulties en- 
countered in electric arc welding are described and comparison 
is made of its advantages over other methods of welding. Тһе 
author concludes that there are very few cases of welding which 
cannot be more satisfactorilv done with the electric are than 
by any other means, provided the operator is sufficiently skillful. 
He also considers that less practise 1s required bv opera ors to 
make successful electrical welds than is necessary with any 
other process. The paper concludes with some operating costs 
of different types of electric arc welding machines. 


OR A PROCESS of such great importance as are welding, 
surprisingly httle is known regarding it among many 
manufacturers who could apply it to advantage in their work. 
The available literature on this subject is very incomplete, and 
gives but little information to the man who might apply arc 
welding to his product. It 15 the object of this paper to consider 
the fundamental principles of arc welding of metals so that 
the manufacturer can decide for himself the following questions 
which may arise in connection with the work in his own plant. 

1. What metals cau be welded by the electric arc? — 

2. What difficulties are encountered in electric arc welding? 

3. What is the strength of the weld in comparison with the 
original piece? 

4. What 15 the cost of wclding? 

5. What 1s the function of the arc welding machine? 

6. How does clectric welding compare with oxy-acetylene 
and other similar methods? 

There are many concerns that could use electric arc welding 
to great advantage but which are overlooking its possibilities 
because of insufficient knowledge in regard to it. 

All metals can be welded. Any two pieces of metal which are 
brought into contact at their melting temperature will adhere so 
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that they are no more liable to break at the point of junction 
than at any other point. This is a well-known property 
of all metals and the welding process, therefore, is very frequently 
applied. The electric arc is used in connection with the process 
merely as a heating agent, and this is its only function in connec- 
tion with the process. It is superior to any other method of 
heating because of its ease of application and the economy 
with which heat can be concentrated at any given point by its 
use. There are no conditions in connection with arc welding 
to which these principles do not apply: viz., that metals at a 
welding temperature will adhere, and that the electric arc will 
most economically and easily furnish the heat to bring them to 
this welding temperature. 

The difficulties which are encountered in welding are the fol- 
lowing: Formation of oxide; expansion and contraction under 
heat; burning through. 

In the case of brass or zinc, the heated parts will be covered 
with a coat of oxide before they come to a welding temperature. 
This zinc oxide makes it impossible for two clean surfaces of the 
metal to come into intimate contact. It follows that some 
method must be adopted for disposing of this oxide at the weld and 
allowing the two surfaces to be welded to come together without 
the possibility of oxide being included between them. This 
condition obtains in the welding of aluminum and of a great 
many alloys. In order to eliminate this coat of oxide it is usually 
necessary to puddle the weld, that 15, to have enough of the metal 
melted at the weld so that the oxide is floated away from it. 
When this is done, the two surfaces which are to be welded are 
covered by a coat of melted metal on which the oxide floats, 
thus allowing two clean surfaces of metal to come together. 
This precaution, however, in case of steel, to which welding is ` 
applied to a greater extent than to any other metal, is not 
usually necessary. 

Another difficulty which is аист іп the welding of a 
great many metals is their considerable expansion under heat 
which results in a corresponding contraction when the weld 
cools, so that internal stresses are introduced which in extreme 
cases will result in cracking the metal at or near the weld. To 
eliminate this possibility, it is necessary, depending on the shape 
of the piece, to apply heat either all over the piece to be welded or 
at certain points, so that the uneven contraction giving rise to 
internal stresses will be avoided. In the case of cast iron, it is 
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often necessary to anneal after welding, since otherwise the welded 
piece will be glass hard on account of chilling. 

Another difficulty with arc welding is that very thin pieces of 
metal which are to be welded together and which are not backed 
up bv something to carry away the heat, are very liable to burn 
through, leaving holes where the weld should be. This difficulty 
can be avoided bv backing up the weld with a metal face, or by 
decreasing the intensitv of the arc so that the melting through 
will not occur. Тһе practical limiting thinness of metal to 
which arc welding can be applied without metallic backing is 
approximatelv 22 gage, although thinner metals than this can be 
welded if the operator is very skillful. 

The next difficultv with arc welding is the lack of skillful 
operators. Manufacturers in a great many cases look upon 
arc welding as being very complicated, and are very apt to be- 
come discouraged with the results of unskilled operators. They 
sometimes do not give the operators a chance to master the pro- 
cess before making up their minds that the method 15 not feasible. 
If ihe same point of view were held by manufacturers in regard 
to welding bv means of the forge fire, blacksmithing would never 
have come to be practised, and a broken piece of steel would 
always remain a piece of scrap. It does not require anything 
like as skillful handling to make a good arc weld as it does to 
make a weld on ап anvil, and there are very few electric welds 
that cannot be handled successfully by an operator of average 
intelligence with one week's instruct on, although his work will 
become better in quality and finish as he continues to gain ex- 
perience. 

Next comes the most 1mportant question of all; that 1s, what 
is the strength of the weld? Тһе answer is that the strength of 
the weld is equal to that of the metal of which the weld is made. 
It should be remembered, however, that the metal which goes into 
the weld is really a casting, and has not been rolled. This means 
that che strength of the weld would be equal to that of the same 
metal that is used for filling, if used in the form of a casting. 
For example, two pieces of steel could be welded producing a 
tensile strength at the weld of at least 50,000 Ib. per sq. in. Higher 
tensile strenyth than this can be obtained by the use of special 
alloys for the filling material, or by rolling the weld. Tensile 
Strength as great as mentioned will give a result which is per- 
fectly saiisfactory in almost all cases. 

There are a great many welds where it is possible to build up, 
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that is, to make the section at the weld a little larger than the 
section of the rest of the piece. By doing this, the disadvantage 
of the weld being in the form of a casting while the rest of the 
piece is in the form of rolled steel can be overcome, and the 
weld itself will be even stronger than the original piece. 

The next question of importance to the man contemplating 
a new application of welding is, what is the adaptability of 
electric arc welding to mv work in comparison with anvil 
welds, acetylene welds or some other method? This is some- 
what difficult to answer comprehensively. There are no doubt 
some cases where the use of a drop hammer and a forge fire 
and the oxy-acetylene blow torch will make, all things con- 
sidered, a better job than the use of thc electric arc, although 
cases where this has been conclusively proved are extremely 
rare. The electric arc will melt metal in a weld for from 3 to 
30 per cent of the cost of melting it with the oxv-acetylene 
blow torch, on account of the fact that the heat can be applied 
exactly where it is required, and in any amount that it is re- 
quired. | 

Let us now consider some of the essential fcatures of various 
types of arc welding machines which are in use. The three 
most important considerations in the design of the welding 
machine are: (1) the variation of the supplv voltage as re- 
quired by the arc; (2) power economy; and (3) conversion 
from alternating- to direct-current energy. It is practically 
out of the question to арріу the alternating current to arc weld- 
ing since one electrode must always remain positive. Іп arc 
welding by means of the carbon arc, the piece to be welded 1s 
made the positive clectrode, while in welding with a metallic 
arc either the piece to be welded or the piece used as a filler 
may be made the positive electrode. 

The voltage across the arc 1s a variable quantitv depending on 
the length and temperature of the arc and the gases іп it. 
With a carbon electrode the voltage will vary from 0 to 45 volts. 
With the metallic electrode the voltage will vary from 0 to 30 
volts. It is therefore, necessary for the welding machine to 
be able to furnish the arc with a current which can be varied 
as required both in quantity and voltage. | 

The simplest welding machine is an ohmic resistance in 
series with the arc. This is entirely satisfactory except, in 
regard to the cost of current. Bv the use of resistance in 
series with the arc on a 220-volt supply circuit, from 80 to 
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90 per cent of the current is dissipated in heat in the resistance. 
Another disadvantage is the fact that most resistances will 
change with the temperature, thus making the amount of 
current delivered to the arc a variable quantity. There have 
been various methods devised for saving the power lost in the 
series resistance, and a good many machines designed for this 
purpose have been put on the market. 

Practically all arc welding machines now in use consist of 
motor-generator sets, the motor of which is adapted to the 
existing supply circuit, and is direct connected to a compound- 
wound generator delivering current at approximately 75 volts. 
This current is applied to the are in series with a resistance. 
It is evident that since the voltage across the arc will vary from 
0 to 50 that from 75 to 25 volts must be dissipated in the re- 
sistance, although a considerable saving is effected over the 
use of a resistance in series with the full supply voltage. It 
is possible to construct a machine that will eliminate these losses 
by avoiding the use of a resistance in series with the arc. A 
machine of this kind will save its cost within a very short time, 
provided the welder is in steady use. 

The following figures give the approximate cost of power 
for operating arc welding machines under average conditions, 
which are assumed as follows: 

Cost of current, 2 cents per kw-hr.; metallic electrode arc 
of 150 amperes; carbon arc of 500 amperes; voltage across 
the metallic electrode arc 20; voltage across the carbon arc 
35; supply circuit 220 volts direct current; a single resistance 
in series with the arc. 

With the metallic electrode, the cost of energy will be 66 
cents per hour. With the carbon electrode $2.20 per hour. 
If a motor-generator set with a 75-volt constant potential 
machine is used for a welder, the cost will be for the metallic 
electrode 25.2 cents per hr., and for the carbon electrode 84 
cents per hour. 

With a machine which will deliver the required voltage at 
the arc without the use of a series resistance the cost will be for 
the metallic electrode, 7.2 cents per hour, and for the carbon elec- 
trode 42 cents per hour. These figures assume that the arc is 
held continuously at its full value. This condition, however, 
is impossible in practise, and the actual load factor is approxi- 
mately 50 per cent, which means that, as a welder is usually 
operated, the actual cost of operation will be about one-half 
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of the amounts given above. It is evident, therefore, that it 
wil not take very long to save the cost of a welding machine 
if all the power wasted 1n resistance could bc saved. 

Electric arc welding has not received thc attention 1t deserves 
and large economies would probably result from its use in 
many metal working industries. Its adoption merits the serious 
consideration of all metal workers. 


r 
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Discussion ом “ ELECTRICITY IN THE LUMBER INDUSTRY " 
(WHITNEY), SPOKANE, WasH., SEPTEMBER 10, 1914. 
(SEE PROCEEDINGS FOR DECEMBER, 1914). 

(Subject to final revision for the Transactions.) 

Mr. Scott: Mr. Whitney’s paper is of particular importance 
to central station men because it shows that there is a field for 
prospective business open that is usually placed in the same 
class with steam laundries, that is to say, absolutely unapproach- 
able. I have never dealt directly with any logging men, but 
have had occasion to attempt to sell power to a few sawmill men, 
particularly for small plants, none of very large capacity, and 
their main objection to motor drive is, first, thev claim the first 
cost of the motor installation is excessive as compared with a 
steam engine; and, second, they say that the motors will not 
stand up to the work. Now, never having actually seen a drive 
of that kind I was not in a particularly advantageous position 
to refute their statements. Third, thev say they must have 
steam anyway for their dry kilns and for their log-carriers, and 
therefore there is no particular advantage in putting in electric 
drive. And lastly, they say that thev are forced bv law to get 
rid of their waste; in most instances they are too far removed 
from a point where the waste can be sold as fucl, so they have to 
install a burner especiallv to get rid of it, if electric drive is used. 

Now, I would like, if possible, to hear some arguments that 
could be put forth to refute those points of view. So far as 
central station service is concerned, compared with isolated 
plant service in sawmills, I should unhesitatingly say that, for 
an installation having over, sav, 1000 e.h.p., central station 
service could complete with an isolated plant verv favorably, 
provided the sawmill was within a reasonable distance of a trans- 
mission line. For mills smaller than that I have not scen enough 
data to be able to tell. 

On page 1831, where a comparison is made between operation 
of logging railways by electricity and bv steam, a saving of about 
$20,000 a vear in favor of electricity 1s shown. I should think 
that any logging man, no matter how skeptical, would *' sit up 
and take notice," and at least inquire how that could be done. 

There is another question in regard to a sawmill: whether 
steam opcration is less efficient from a time standpoint than а 
motor drive; in other words, whether more time 1s saved by motor 
drive than by steam. When a man drives а headsaw with a 
steam engine and runs into a stiff cut, the steam engine begins 
to show signs of distress and slows down, and he eases up on his 
speed; but with a motor the log goes right straight through. I 
have had that point put up to me two or three times bv sawmill 
men and they claim it is a fact that there is only one thing for 
the motor to do under such conditions, and that 1s to blow the 
fuses. If I understand Mr. Whitnev's paper correctly, the 
development of the electric motor in the last few years has 
reached such a point that these difficulties are overcome. 
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A. A. Miller: Last year at the Vancouver convention Mr. E. 
J. Barry presented a paper on Logging by Electricity, and Mr. 
Whitney contributed very largely to the discussion. It is 
apparent that Mr. Whitney has been busy during the past year 
in collecting further data, which have been very systematically 
assembled in this paper. 

I can remember distinctly that only a few years ago loggers 
апа lumbermen in general would not рау any attention to the 
proposal to use electricity in their operations. The progress 
made has been very marked, and no up-to-date designer of saw- 
mills would now entirely pass up consideration of electric drive, 
but would give it very thorough consideration, and in a fair 
percentage of cases would determine upon electric drive in 
preference to the old type. 

With respect to the question which Mr. Scott asked as to the 
difficulty encountered in steam drive where the speed of the 
carriage is diminished in order to allow the saw to speed up again, 
and where in case of electric drive it is not so regulated but is 
allowed to go forward at practically constant speed regardless 
of the load on the motor—this is due to the inherent ability of 
the motor to carry, temporarily, heavy overloads, and to give such 
power as is required to take care of the load that may be imposed 
upon it. That is somewhat allied to the advantage of electric 
locomotives, in heavy freight work, over steam locomotives, in 
that for short intervals the capacity of the clectric machine 1s 
only limited by the amount of power which you can deliver to 
it. Induction motors, both of the squirrel cage and wound 
secondary type, for a number of years past have been designed 
on sufficiently liberal margin to stand tremendous overloads for 
a period of a minute or so. 

F. D. Weber: About seven or eight years ago, I think, the 
first electrically driven sawmill in Oregon was installed at Dee. 
Prior to that time there were absolutely no data on this subject. 
The mill was fitted with all standard squirrel cage motors, with 
a 150-h. p. squirrel cage motor placed on a double-cut 8-ft. band 
mill, and after it was installed it was impossible to start the band 
mill. The only way which they had to start it, and this method 
was used for years, was by putting a 4 by 4-in. timber in the upper 
flywheel and having six or cight men throw their weight on it. 

A little river runs within about a thousand feet of this mill, and 
upon this was installed a hydroclectric generating plant to fur- 
nish power for the mill. 

When this mill was installed they had no consideration at all 
for sizes of copper, the mill men installing all the wiring. Тһе 
writer ran tests under operating conditions and found that the 
copper was about one-half the proper size for satisfactory opera- 
tion. There was also trouble with the motor connected to the 
trimmer. This motor was not of sufficient size and necessitated 
the shutting down of the trimmer occasionally to allow the motor 
to cool off. 
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This lumber mill is owned Бу the Eccles interests, and they 
were so impressed with the operation of the first mill that when 
it burned down about two years ago, they replaced it with another 
electrically operated mill, although it was impossible with their 
first equipment to operate the band mill double-cut, because when 
thus operated the motor was unable to carry the load. 

There are some questions which I would like to ask Mr. Whit- 
nev: 

First, have manufacturing companies ever corisidered furnish- 
ing an enclosed type of motor in certain locations in sawmills? 
After a sawmill has been operated electrically, this blower 
system that Mr. Whitney spoke about generally fails to keep the 
mill clean and a great deal of refuse collects, such as sawdust 
and chips, to which the motors are exposed, consequently a 
question of fire hazard arises. I have seen motors completely 
covered with chips and sawdust. 

Second, in regard to the motor of the main carriage, I would 
like to know whether they have had any trouble keeping oil in 
the bearings of this motor. I should imagine that it would splash 
out. 

Third, I desire to know whether there have ever been any 
tests made on the load factor of this mill or any other mill. 

Fourth, have there been апу figures presented concerning the 
relative cost of installation of electrically driven mills as com- 
pared with the first cost of motors? I have heard the argument 
advanced that the cost of wiring a modern mill is excessive. 

Fifth, are there any data concerning the life hazard in logging 
woods in connection with electrically operated logging engines? 
It has been said that this hazard was considerable in dense tim- 
ber where cutting was taking place continually, which might 
interfere with the transmission lines. Also, the connection 
between the portable transformer stations and the logging 
engines, being subjected to the various accidents of the logging 
woods, might expose the men to live circuits, and produce a 
serious life hazard. 

J. В. Fisken: I want first of all to note that, if I mistake not, 
the first article in anv of the Institute PROCEEDINGS on the sub- 
ject of the application of electricity to the lumbering industry 
was a paper by Mr. E. J. Barry, Electricity 1n the Lumber In- 
dustry, presented at Los Angeles in April, 1911. Three years 
later we get a paper from Mr. Whitnev, which seems to me as if 
it might almost be the last; there may be some small improve- 
ments, but from what Mr. Whitney tells us the subject has been 
pretty nearly covered. 

There still remain a few things to be done. The question of 
drving the lumber will involve the generation of steam unless 
there is a hydraulic plant available; if there is, the drying of the 
lumber might be done by electricity. The log carriage is not 
electrically driven in the case we are considering; the opcrating 
man might have difficulty in taking care of that. I think it is 
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a question for the manufacturers to solve. The problem of 
disposition of refuse is a hard one, but in these days of conserva- 
tion it would seem that some means might be found to take care 
of this refuse; it must have some commercial value, and unless 
the cost of saving it is more than the market valuc, it should be 
taken care of. 

From the standpoint of the operating man, I think the load 
would be an objectionable one for the reason that it would be 
very intermittent and severe. Mr. Weber has asked a question 
regarding the load factor. In the item of costs on page 1828 
Mr. Whitney puts in coal at $4.25 a ton. From conditions as I 
know them I doubt very much if coal could be laid down at the 
donkey engine for anvthing like $4.25 a ton. It costs us more 
than that to lay it down here in Spokane, and to haul it up to 
any of the logging plants must add very materially to the cost. 

Mr. Whitney discusses methods of handling and conserving 
the refuse. That is a matter, of course, more for the commercial 
man than for the engineer; at the saine time the enginecr should 
work with those who can settle it, and I hope before long to see 
the sawmills and wood-working factories entirely operated by 
electricity. I think it is almost invariably the custom now in 
putting in a large mill to put in electric drive. We have service’ 
in this neighborhood that is typical, and from what I have been 
able to learn the owners would never think of changing back to 
steam drive. 

L.T. Merwin: Therc is no question in my mind but that the 
difficulties due to peak loads in sawmill operation can be success- 
fully worked out. Following actual experience of a number of 
years in electric hoisting under rather severe conditions, I do not 
think that the question of extreme momentary demand will 
remain a serious one, even though at the present time it may seem 
SO. 
I want to ask a question of Mr. Whitney bearing on the point 
that Mr. Weber and Mr. Fisken have already brought out, the 
poor load factor, the highlv fluctuating load and the extreme 
peaks. Has апу consideration been given to the handling of 
these extreme peaks in a manner similar to that in which ex- 
treme pcaks of mining loads are handled, as, for instance, by 
some sort of modification of the Illgner.svstem or by a heavy 
flywheel set operated bv an induction motor? Mr. Whitney 
mentioned in his paper that of necessity the old manner of run- 
ning steam-driven mills was from one central drive; I gather that 
from that they went to the other extreme when first installing elec- 
trical drive, and finally have come back to a compromise, with 
partly group drive. If the flywheel system as applied now to 
extreme peaks of mining loads can be applied to the sawmill, 
would that not break down the objections of the central station 
operating engineer? 

Mr. Cheek: As the variable loads that necessarily come upon 
a motor, it seems to me, would make its protection a very diffi- 
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cult matter, I ask Mr. Whitnev what he recommends for the pro- 
tection of such a. motor, whether fuses or other automatic de- 
vices. I also ask how the size of the copper is calculated, and 
whether he has any further information with regard to tests. 

I was up in Victoria not long ago and there 15 a new plant up 
there that had recentlv been equipped for making briquets, and 
thev used the refuse, they used the sawdust and also the slabs 
after going through the hopper; and thev claimed that these 
briquets burn slowlv and with much the same characteristics 
as coal and compared quite favorably with coal. 

The matter of the decrease of the fire hazard 1n logging is a 
point which I think will act very much in favor of electrical 
donkevs. This last season was a very dry one and some com- 
panies suspended operations during the dry season because of 
the severe fire hazard of the steam donkey. 

A. Norman: The company with which I am connected re- 
cently began to supply power to a large sawmill. This mill 
started in actual operation about three weeks ago, and the mill 
being entirelv new and all of the machinery new, thev have not 
as vet had a full dav's operation, and I would not attempt to say 
just what the load factor will finally be when the mill is in con- 
stant operation. However, I could sav in a general way that 
we believe it 1s going to be about 50 per cent. We feel very much 
encouraged as to this particular installation, the mill pcople feel 
very much encouraged, and I think it offers а fertile field for 
cooperation between the milling industry and the central station. 

In our case, we were so situated that we could furnish this 
mill not only current for the operation of its motors, but also 
the steam needed for the dry kiln and for such other purposes as 
they found it advisable to use steam for. Іп an installation of 
some 2100 h. p. in motors I believe we are furnishing them some 
225 h.p. for their steam needs. As I say, this installation is so new 
that we cannot give very full information, but we would be glad 
to have anvone who is interested іп this subject either come to 
Eugene or Springfield and look into it, or write to us after a 
brief period, when we expect to get some very definite data, and 
our company will be very glad to give you any information 
we have or can get. 

W. H. R. Fraser: The largest mill we have connected with 
our system is probably a good deal smaller than that which Mr. 
Norman spoke of. Тһе largest mill, I think, has something like 
750 to 1000 h. p.; the mill is about nine miles from the nearest 
substation and is also fed in connection with the same line 
feeding a town. So this is not a mill line alone, but also a light- 
ing line. We have had no complaint regarding the fluctuation 
of voltage, so that it cannot have been very bad. 

In regard to the utilization of refuse: one mill that I know of 
has been experimenting with briquets, but whether successfully 
or not I cannot say. Another mill until recently was trying to 
produce turpentine from sawdust of certain woods, but that has 
been a failure. 
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The question of supplying power to very large mills could 
scarcely be considered, unless very favorably’located. One of 
the largest mills in the world, for instance, has a total capacity ` 
of one and three-quarter million a day; driven by individual units; 
we could never offer them power at a rate that they could consi- 
der in preference to installing their own plant; if we delivered 
power to them we would have to have a 30,000- or 40,000-volt 
line installed and substations, and by the time we did that the 
cost of the power to them would be so great that it would be 
prohibitive. 

Another point: I believe that Mr. Whitney mentioned some- 
thing about coke. I do not think there is a single sawmill in 
British Columbia using coke today. 

F. D. Weber: I remember seeing a note in some trade journal 
in which it mentioned that there has been a process devised of 
drying lumber in the open air by the use of quite an appreciable 
amount of current at low voltage, by simply stacking and sepa- 
rating the layers of lumber by wet carpets. I would like to 
know if anyone knows anything further on this subject. I under- 
stand that is done in Australia and some places in England. 
If that is the case it seems to me that would solve the question 
of the drv kiln. 

John Harisberger: I may be a little optimistic in regard to 
companies operating hydroelectric plants selling power to saw- 
mills to their mutual benefit. On our svstem in the Puget 
Sound district, we have several mills which have proved quite 
satisfactory, from both a commercial and an operating stand- 
point. We also furnish all the power for two coal mines, 
amounting to 1100 h. p., and several other mines are considering 
taking our powcr. I have had some experience in the early 
davs when attempts were first made to operate sawmill machinery 
by electric motors. The main difficulty was to get sufficient 
information so as to determine the proper size motors to install. 
This is entirely different now, as manufactures of electric appara- 
tus and central station people have accumulated a great many 
data on such applications, so that it 15 no longer a question of 
experiment. 

E. F. Whitney: I am rather disappointed at the lack of op- 
timism; at the same time I am pleased at Mr. Harisberger's 
expression that he does look forward favorably to the use of 
central station power in the sawmills. It can be used, and under 
certain conditions it can be put in and can operate as cheaply 
as one can generate and supply his own power, but you must 
first convince yourselves that it can be done and afterwards 
convince the mill men. There is always the question of cost of 
installation and cost of operation. 

To begin with the cost of the motors: I have recently com- 
pleted, in connection with a mill architect, two estimates for 
entirely different types of mills, one a single-band mill and an- 
other a double-band mill, together with the planing mill. Com- 


1914] ELECTRICITY IN THE LUMBER INDUSTRY 445 


plete estimates were made, first, using steam drive, and second, 
using electric drive, for each type of mill. The electric mill 
included the necessary generating station, on the assumption 
that power would be derived locally from mill refuse. We were 
surprised to find that for the sawmill alone, electric drive proved 
lower in first cost—installation cost—than steam, and this 
without including the planing mill. This latter would have 
made the balance even greater in favor of electric drive. There 
is no difference of opinion as regards the very much lower opera- 
ting and maintenance cost of an electrically driven sawmill. 

This of course was an individual case and was figured on its 
own merits. You will have їо let bv-gones be bv-gones and not 
consider those mills designed and built along the old lines of 
steam drive with line shafting and belting and motors placed 
here and there wherever a drive was needed. The mill must, 
to get best results, be laid out with electric drive in view, and 
full advantage taken of its flexibilitv. We now know what can 
be accomplished, but the results come only after careful and 
correct installation and not by chance. 

A mill requiring approximately 2300 or 2400 h.p. usually 
has over 20 separate and distinct engines scattered around its 
plant; it must have high-pressure steam lines to each one of these 
engines; the largest would be about 800 h. p. and the smallest 
about 25 h.p. There need be no further comment than that 
engines used under such conditions arc very uneconomical steam 
users. Ап item which is lost track of is the boiler capacity that 
is required to supplv such an installation, and the large initial 
cost and high upkeep cost of the steam-generating equipment, 
Electric drive would reduce it at least one-half. 

Regarding the abilitv of the motors to stand up to the work: 
I recall an instance of a blower, with impellers 80 in. on one side 
and 70 in. on the other, pressed upon the motor shaft extensions. 
The motor was rated 100 h. p., 720 rev. per min. The motor did 
the work satisfactorily, but in the course of an investigation just 
to sce how much power the blowers were taking we found that 
while the blower specifications called for 963 h.p., 147 h.p. was 
the output of that motor, dav in and day out, ten hours a day, 
five hours in the morning and then shut down one hour at noon 
and then five hours in the afternoon. In this case the motor 
was in at the top in the planing mill, which 15 alwavs a well- 
ventilated structure, it had good cooling air, and the working 
capability of the motor was increased considerablv above what 
might have been found in a more unfavorable location. 

With the present successful mills operating with electric drive, 
with the proposed largest mil on the coast preparing to use 
electricity throughout, there can be no question as to the economy 
of this method or the capability of the electric motor to do the 
Work efficientlv and successfully. 

The point has been brought up that they must always have 
steam in the mill. Granting that they must have steam for 
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some uses, there is no necessity for them to have the quantity 
of steam equipment that will be necessary in all cases except 
with electric drive. 

Upon the question of production: This is the one subject 
which sawmill men are glad to discuss and consider at any length. 
They appreciate that their only hope of salvation is to cut down 
their costs of production. I have known many instances of 
steam-driven mills where the lag in the steam engine during the 
cut in the main headsaw is as great as 30 per cent. I have seen 
the edger lag fully as much. That simply means that they are 
losing so much productive time. This is unknown with motor 
drive. Practically all of the motors are squirrel cage type— 
with a few exceptions, such as the one driving the headsaw; the 
only reason we use a wound-rotor motor there is because of the 
limited generating capacity in the average sawmill and to limit 
the current input at starting. Its characteristics are of course 
practically the same as the squirrel cage motor after it is up to 
speed, and any squirrel саре motor would absolutely reach its 
breakdown point before it had any such regulation as that, 
unless of a special design. The automatic overload protection 
and ability to stand up under varying load conditions has already 
been spoken of. This is an important item when we are driving, 
for instance, a refuse convever. That is probablv as severe а 
drive as any in the mill. With steam drive from the main shaft, 
if the convever should stick, as with a slab jammed under the 
chain, something must break to clear the trouble. This means 
lost time, and repairs. With electric drive, we might have the 
conveyer pretty heavily loaded at times, but of course the relay 
would be set to care for a predetermined overload with a 
reasonable time limit, and anv more severe condition than that 
for which it 1s sct should trip the motor out of circuit, and relieve 
the transmission machinery of the severe strain, saving the brcak- 
age that would otherwise occur. 

The question of maintenance of voltage was touched upon 
by Mr. Weber; it is one of the most important points in con- 
nection with the operation of electric logging engines. Тһе 
substation must be 200 to 1000 ft. from the location of the engine 
itself; in the beginning of the operation it mav onlv be 200 ft., 
but as the work is extended and the donkey gathers the close 
timber it wil probablv be, at the next step, 1000 ft. away. 
The dutv is heavy, often requiring the motor to exert very close 
to its maximum torque, so we must take the precaution to see 
that good voltage is the rule at the terminals of the motor. 
This of course applies to sawmill machinery as well, because we 
cannot get the maximum productivitv unless we maintain our 
spced and capability to care for heavy loads suddenlv applied. 

In regard to the question of fire hazard and enclosed motors: 
This is really the reason that squirrel cage motors are so uni- 
versally used. In such motors the bearings of course are prac- 
tically the only source of fire risks. Тһе motor bearings should 
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give verv little trouble, and after once being in good condition 
should require very little attention. 

Enclosed motors were never seriously thought of. As to 
the possibility of dust and chips getting in the windings, the 
ventilating scheme which has generally been adopted in the 
manufacture of motors 1s such that the air comes out through 
the laminations of the machine and will tend to remove any 
dust that would clog up the ducts or get into the windings 
through them. Of course, it would be possible to cover the 
motor with chips and dust and it would still be operative. The 
air lines are distributed pretty well around any sawmill at the 
present time, so that if for the moment any machine shuts 
down the operator takes his air hose and blows all the dust 
and chips away. Where it is necessary to use the slip ring tvpe 
of motor, of course the slip rings should be enclosed. There 
is a possibility of sparking at starting, and until the motor is 
up to speed, and it is common practise to enclose them. 

On the log carriage some slight trouble has been experienced 
with oil spashing out of the set works motor bearings. Тһе 
rate of acceleration of the log carriage at each end of its travel, 
particularly at the beginning of its return, is verv high, but 
with reasonable precaution, oil-throwing trouble can һе remedied. 
In fact, the first set works motor used was strictly a standard 
motor, and no trouble was ever experienced with oil splashing 
out. 

In regard to the load factor of a complete mill, we usually 
assume the demand factor of an electrically driven mill as 70 
per cent, in kilowatts, of the connected load in horse power, 
and the load factor as about 70 per cent. In other words, if . 
you have 1500 h.p. installed, about 750 kw. would be the aver- 
age load on the mill. I have detailed records of two complete 
sawmills in the Northwest. One of them has a load factor of 
57 per cent. The demand factor 1s 83 per cent. The average 
cut per day is 115,000 ft. b.m. The highest peak recorded in 
any ten minutes was 1150 kw., and the maximum demand for 
any ten-minute period was 940 kw. The other is a group- 
drive mill, with 1300 h.p. connected; the load factor is 65 per 
cent, and the demand factor 88 per cent. The daily cut is 
121,000 ft. b.m. (as we would expect with the group drive, a 
smaller connected load has a larger cutting capacitv); the highest 
peak for any ten-minute period was 1000 kw., the maximum 
demand for any ten-minute period 850 kw. 

The prevailing power factor, I suppose, if we take all of our 
mills, 1s roughly 70 per cent; some mills run as low as 50 per 
cent, some mills run as high as 85 per cent. I have records of 
a mill which has been in operation for some two years, whose 
power factor throughout the day's operation never gets below 
44 per cent, and there are times when it goes up as high as 85 
per cent. That is an extremely high point for a typical induc- 
tion motor load. 
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The greatest drawback to the maintenance of a high power 
factor in sawmills is the small number of large motors that 
must necessarily be used, which, during a great portion of the 
time, must certainly run at very light load: Though not less 
than 200 h.p. is required on the average edger, and a motor 
somewhere in the neighborhood of 250 or 300 h.p. on the head- 
saw, the loads averaged per day for these machines will be about 
50 and 100 h.p., respectively. The great majority of group 
drive installations are, as a rule, well loaded and run at good 
power factors and at good efficiencies. The planing mill equip- 
ment has a very fluctuating load; during a portion of its load 
it runs at a relatively low power factor and low load factor. 
On the average, a mill of about 2100 h.p., such as Mr. Norman 
spoke of, under general operating conditions will have a load 
factor varying from 65 up to 80 per cent. The particular mill 
of which he spoke has 74 motors with a total of 2053 h.p. con- 
nected: the sawmill has 52 motors with 1645 h.p.; the planing 
mill 18 motors, with 340 h.p. The daily kilowatt-hour consump- 
tion had been estimated at from 7500 to 8000 kw-hr. With 
operations well under way, these figures were confirmed. 

As regards the cost of wiring a sawmill installation, that 
depends largely on the individual. A mill man can put in а 
Wiring job that will equal or excel that in any high-class city 
office building, or he can put in simply a substantial wiring 
job that will be satisfactory for his service. There is a differ- 
ence in cost of, I suppose, 250 per cent. In making up the 
comparative estimates that I have already spoken of, for steam 
drive and electric drive, these estimates were based on giving 
the electrical installation the worst of 1t 1n every case that we 
possibly could, and so we figured on conduit wiring through- 
out. Even then the wiring cost amounted to about $5500, I 
think. We had about $9000 which we could have used for this 
and still come out equal to steam drive. 

The fire hazard in the logging industry is something that 
would have to be given consideration. That, of course, is al- 
ways brought up whenever the subject 18 broached to loggers. 
There is no reason why clectrical equipment that is operating 
a logging camp cannot be as cheaply and as safely handled as 
it can be in any of our generating stations. The transmission 
line usually runs along a railroad right-of-way and is just as 
well protected as any other power company’s transmission lines. 
From it branches are run, depending upon the size of the com- 
pany’s operations; from the substation an armored cable leads 
out along the ground to the logging engine itself; the cable used 
is typical submarine cable, which is perfectly safe. 

In regard to the question of electric drive for the log carriage: 
Suppose, for instance, we look at the typical operating cycle 
of a log carriage given on page 1839. Even with a log of only 
1500 ft. b.m. you have а total weight of 38,000 lb., about 19 
tons; the requirements of mill operation do not allow the carriage 
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to lag any more than is necessary, and the average speed is about 
250 ft. per min. in the cut. That is based, of course, on a 
single-cutting band mill. The average speed of return is about 
650 ft. per min., and we must accelerate that outfit to that 
speed and maintain it at least for a portion of the travel of the 
total distance, varying, say, from 40 to 50 ft. as an average. 
There is not much travel but it is high-speed work, the accel- 
eration is fast, in fact it is all that a person can do to stand on 
the log carriage and maintain his balance. A log of 1500 ft. 
b.m. is by no means the heaviest load, it is about an average. 
If we should get a log of about 5000 ft., ог about 40,000 Ib., on, 
it would run the total weight up to something over 35 tons that 
must be handled at this speed. The common method is by a 
twin-cylinder, simple steam engine, which operates a drum. 
The engine, complete with its equipment installed, costs about 
$3000 to $3500. Any electrical scheme that can compare 
favorably with it in first cost and in ultimate cost, including 
operation, will undoubtedly meet with favor from the saw- 
mill people. They would like to do away with the engine, but 
nothing to compete with it has been shown up to the present. 
time. 

The coal and other fuel costs as given on page 1828 applied 
to logging, not to sawmill operation. Іп the logging industry 
they have realized they were burning good merchantable timber 
as fuel, as the logs cut up and burned under the donkeys must 
be the very best or they will not split, and on account of the 
grade of timber they have to use, they have attempted to use 
oil and coal. Some camps have run comparative outfits to get 
data on the results accomplished by the use of the various fuels. 

In regard to Mr. Fisken’s suggestion that additional uses for 
the refuse be given, and that nothing be said about burners: 
I attempted to take the point of view of the man who was fully 
informed about the electrical side of the question but knew very 
little of a sawmill or its workings. Of course it is necessary 
for the sawmill operators to dispose of the refuse, because 
there is too much of it for their own power demands, and this 
must be got rid of in some way. Usually it is burned in the 
burners, and they are a source of expense. 

I have touched upon the load of the whole mill. I might 
say that the two cases cited applied to fir districts. In pine 
districts the load is very much lighter, the connected horse 
power, we will say, in one case, being 1900 h.p., the load factor 
only 46 per cent and the demand factor 67 per cent, an average 
daily cut of 350,000 ft., with a maximum demand for ten minutes 
of 800 kw. and the highest peak in any ten minutes 950 kw. 
That is in marked contrast to the greatly increased power de- 
mand with smaller cut of the larger fir mill. 

Attempts have been made to produce some sort of load equal- 
izer, but only for some individual machines. The fluctuations 
are not at all regular; they might last for prolonged periods, 
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or might come in quick succession during one or two hours of 
operation, and might be very infrequent at other times. The 
demand question must be solved by those desiring to obtain 
the sawmill load, for its character is to a certain extent fixed. 

In the case of the edger there is a machine with no flywheel 
effect whatever, a simple arbor with five to seven or eight saws, 
and it is operated by a motor of large capacity. Its highest 
load comes on instantancously just as soon as the cant 15 started 
through the edger and it lasts until the cant has finished its 
travel and the cut has been made, seven to ten seconds. Those 
saws operate at a rim speed of 9000 to 12,000 ft. per min. and 
at speeds of 1200 to 1800 rev. per min. Any weight that could 
be added on the shaft of the edger would have to be of such small 
diameter and great length, to be within the safe limits of even 
the strongest materials, that it would run the cost up to too large 
an amount and take up too much space. 

These loads are and have been well appreciated by sawmill 
operators. The operator lays out his plant to care for them. 
He knows the capacity plant required to care for the load, and 
in reality the effect of these fluctuations is not to increase the 
capacity of the equipment which it is necessary for him to have 
if he is going to generate his own power, and if they do not in- 
crease his own capacity why should he spend money to make it a 
more favorable market for the central station man? That is 
also the reason why efforts have not been made to obtain a better 
power factor. Of course it could be obtained, could be done by 
installing synchronous machinery. 

The generating station—1solated or not—must for such a load, 
have an automatic voltage regulator system, or they cannot 
expect to accomplish the results which they had anticipated 
with the electric drive. In operating at say 480 volts at the 
generator, which is a common voltage, it 1s exceptional to see 
the voltage drop below 460. Even with the severest load, 
such as the starting of the band headsaw, or the edger motor, 
there is a voltage drop, but it is 1nstantancous, the voltage going 
right back to normal again, and under running conditions you 
very seldom see a fluctuation of the voltage greater than one 
or two per cent at the outside. 

In regard to the use of thc refusc for briquets and turpentine, 
I referred on page 1861 to the experimental use of briquets for 
paving purposes: ''Attempts have been made to use sawdust 
from Pacific coast mills, which cut mostly fir, spruce,and hemlock, 
for manufacturing wood alcohol and ethyl alcohol. In prac- 
tise, however, the manufacturing costs run so high that 1t has 
proved unprofitable. The latest projected use is in making 
sawdust briquets to be used for paving purposes. Such a plant 
has been completed, although its operations have not extended 
over a sufficient period to determine the ultimate success." 
There have been several such attempts made, none of which 
has proved successful up to the present time, so far as I know. 
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It would be well to compare the use of the refuse for fuel fora 
steam generating station, in connection with a large power system, 
with the development of remotely located water powers. That 
would open up a field for power installations for the power com- 
pany which in some cases they could not expect to get otherwise, 
because of the equipment already installed by the milling com- 
pany. 

I have heard some mention of the electrical drying scheme 
spoken of by Mr. Weber. I believe that was touched on briefly in 
The Timberman about two months ago. I have heard no com- 
ments on its real success. | 

An interesting feature of the mill spoken of by Mr. Haris- 
berger is that it was the first case of which we have record where 
the headsaw was direct-connected to a driving motor. They had 
a double circular headsaw in this particular mill, the lower saw 
connected directly to the motor and the top saw belted from the 
lower one; the operation was entirely satisfactory—in fact, it 
is to be recommended, with proper precautions taken. The 
log carriage also was driven by a motor. Idonot know the par- 
ticular scheme that was used, but 1t was not entirely successful 
` from the point of view of sawmill operation, because it did hold 
back production. Mr. Harisberger said that none of the Everett 
sawmills is completely operated from central station power. 
There are two completely electrically operated mills in Everett, 
however, with a third, the largest on the coast, under construc- 
tion. | 
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DiscussioN ON “ SPHERE GAP DISCHARGE VOLTAGES АТ HIGH 
FREQUENCIES” (CLARK AND Ryan), DETROIT, Місн., 
Іске 24, 1914. (CONTINUED FROM JANUARY PROCEED- 
INGS, PaGE 124). 

(Subject to final revision for the Transactions.) 

Harris J. Ryan (by letter): Replying to Mr. Fortescue’s 
questions: The high-frequency driving voltage of the arc was 
multiplied about one hundred times Бу resonance. The im- 
pressed voltage of the arc having an irregular wave form was 
consumed in the first few turns of the outer helices. Thus in 
a given case the potential to neutral of the sixth turn from either 
arc terminal would, on test, be found at low (almost zero) al- 
ternating potential. On either side of this turn the potential 
would be found to rise regularly. By theory, under these cir- 
cumstances, it 15 difficult to understand how the high-potential 
wave form can have departed appreciably from that of the true 
sine wave. The cyclograph traced a quadrature combination 
of current and potential waves. The result was a true elipse 
with no evidence of the presence of harmonics. In regard to 
the use of isolated spheres made necessary in the method devised | 
to eliminate harmonics in the high frequency high voltage: 
The case is not one of actual isolation, as assumed by Mr. 
Fortescue. The arc was supplicd with current from two 600- 
volt direct-current generators connected in series with their 
neutral grounded. Furthermore, the oscillating circuit would 
fail utterly to operate unless both sides of the circuit were nicely 
balanced, developing substantially equal voltages. 

We are not asking that our results be accepted as final. The 
art of generating and handling high-frequency high-voltages 
is undeveloped as yet. It would not be reasonable to expect 
final results at this time even with the high-frequency alter- 
nator driven at constant speed as suggested by one speaker. 

In his closing remarks Mr. Peek has accounted for the erratic 
behavior of the sphere gap voltmeter, cited by Mr. Chubb, 
when in action above 320,000 volts. Не presents his method 
for eliminating such behavior. Closelv related hereto are two 
experiences encountered in our work. 

Regarding the first experience; we have mentioned in our 
paper that we could not use the condenser voltmeter to measurc 
voltages beyond 50,000. Discharges through the four-inch 
(aggregate) gap in the two pairs of 7- and ll-inch concentric 
cylinders, six feet in length, would occur in an erratic fashion 
at voltages above 53,000. In planning this apparatus we had 
concluded from the results of Fortescue and others that such 
discharges should not take place at voltages below 165,000. 
We expected, therefore, to use the cylinders and instruments 
with safety for authenticating voltages as high as 125,000 т.е. 
to the limit, of the high-frequency voltage capacity of our equip- 
ment. Since the completion of our paper we arranged to sub- 
ject these concentric cylinders to 60-cvcle voltage. In so do- 
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ing all essentials were made to correspond to those present in 
the high-frequency work, т.е. the neutral of the single-phase 
60-cycle source was grounded, while the “neutral” connected 
outer eleven-inch cylinders were left isolated. They were 
shunted with the sphere gap set to stop any possible .transient 
over-voltages. Thus arranged, the sphere gap acted in agree- 
ment with voltages determined by transformer ratios and volt- 
meter. The concentric cylinders discharged at voltages all 
the way from 80 to 100 kilovolts. The lower and higher values 
occurred correspondingly when the voltage was raised slowly 
and rapidly. Using one pair of cylinders onlv, the outer one 
grounded, the discharge voltages ranged from 40 to 50 kilovolts. 
The equipment was then dismantled and the seven-inch cylinders 
were mounted in a cross and separated so as to form a gap be- 
tween them of three inches; so arranged, 157 kilovolts were 
required to discharge between them. It seems to us that the 
free 10nization in this case is present in the tarnished and dust 
coated surfaces of these cylinders, and from there is worked into 
a line up forming local corona through the two-inch zones of 
well protected air under the forces of the electric field, thereby 
starting a disturbance that finishes іп a heavy spark, t.e., in 
a transient discharge, or otherwise, in an actual’ arcing short 
circuit. The discharging voltages were lower when the tests 
were started and gradually rose as the reapplications of high 
voltage were continued, indicating a sort of cleaning up process. 

In the second experience it was found that when using a seven 
inch sphere gap of two inches or thereabouts, the high-frequency 
discharge would take place by the shortest path between the 
spheres at 93 kilovolts. When a lower voltage was applied and 
a slight disturbance crcated at one of the surfaces of the oppos- 
ing spheres by touching it with a piece of hard-rubber a dis- 
charge immediately occurred. It would be started by a spark 
of charging current from the sphere to the hard rubber. Dis- 
charges, a foot and more in length would be made to pass from 
the rearward surface of one sphere to the corresponding rear- 
ward surface of the other at 85 kilovolts in the gencral direction 
of the lines of force by bringing to the surface of the sphere 
from the rear a three-quarter inch hard rubber rod. 

Mr. Mahood recommends that the Poulsen oscillating arc 
used for sphere gap voltmeter calibration be replaced by “Һе 
best oscillating arcs constructed and specially designed for 
stability purposes" giving only “two per cent variation in ampli- 
tude at 133,000 cycles." Such arcs, while steady, are entirely 
lacking in duty capacity. A maximum of 1500 kilovolt-amperes 
of reactive power was employed for the high-frequency sphere 
gap work, while a few hundred volt-amperes suffice for stand- 
ardizing radio recciving apparatus—accomplished readily enough 
with such light duty constant arcs. Mr. Mahood confuses the 
dutics of the ammeters in the circuit of the concentric con- 
densers and the potential cyclograph. The former and not the 
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latter read the r.m.s. of the existing potential. The cyclograph 
gave a continuous vision of the procession of potential oscilla- 
tions in instantaneous detail. The same speaker makes the 
suggestion that pure undamped waves were not used in our 
work because under his own assumption the decrement (for 
damped waves) was 0.02. The suggestion can not be taken 
seriously. The cathode ray cyclograph established beyond all 
reasonable doubt that the oscillating potentials were formed 
continuously and undamped. These are merely efforts to find 
near-by evidence to support the theory that the action of the 
sphere gap voltmeter is independent of the frequency of the 
apphed voltage. 

The sphere gap discharge voltages were not altered by the 
use of the safety resistance rods at 123,000 cycles. Тһеу were 
abandoned at higher frequencies, as stated in the paper, because 
the resistances that would limit sufficiently the rush of con- 
tinuous current that followed a discharge across the sphere 
gaps would consume an undue amount of power, limiting or 
preventing the generation of voltage in the oscillating circuit. 
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A. I. E. E. Meeting in New York 
April 9, 1915 


The 307th meeting of the American 
Institute of Electrical Engineers will 
be held on the fifth floor of the Engineer- 
ing Societies Building, 33 West 39th 
Street, New York, on Friday, April 9, 
1915, at 8:15 p.m. 

The subject of the meeting will be 
Radio Telegraphy,and the subject willbe 
briefly introduced by Dr. John B. White- 
head, of Johns Hopkins University. 
A paper will be presented, entitled 
Continuous Waves in Long-Distance 
Radio Telegraphy, by L. F. Fuller, and 
it is expected that another paper cover- 
ing other phases of the same general 
subject will also be presented. 

At the close. of the technical session 
a smoker will be held and light re- 
freshments served in the adjoining room 
on the fifth floor. 

Members of the Institute of Radio 
Engineers are invited to attend the 
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meeting and to take part in the dis- 
cussion. 


A. I. E. E. Meeting at Pittsburgh 


The 308th meeting of the American 
Institute of Electrical Engineers will be 
held in Pittsburgh, Pa., on Thursdav 
and Friday, April 15 and 16, 1915. The 
meeting will be under the'auspices of 
the Pittsburgh Section and the In- 
dustrial Power Committee. The Con- 
vention headquarters of the Institute 
will be at the Fort Pitt Hotel, where the 
technical sessions will also be held. 
The program will be as follows: 


Thursday, April 15 


9:30 A.M. 
Meeting to be opened by Mr. J. W. 
Welsh, Chairman, Pittsburgh Section. 
Introductory address by Mr. David 
B. Rushmore, Chairman, Industrial 

Power Committee. 

Address by President P. M. Lincoln. 
1. Industrial Control in the Foundry, 

Бу Е.Н. McLain. 


2:00 Р.М. 
Mills Controllers, by H. F. Stratton. 


w to 


. Steel Mill Controllers from the 
Operator's Standpoint, by James 
S. Riggs. 

Friday, April 16 


9:30 A.M. 

4. Control of Direct-Current Horsts 
in Iron and Steel Mills, by E. G. 
Stoltz and W. O. Lum. 

5. Direct-Current Control for Hotsting 
Equipment in Industrial Plants, by 
W. T. Snyder. 


2:00 P.M. 

6. Control of Alternating-Current Mo- 
tors in Iron and Steel Ман», by 
Arthur Simon. 

7. The Alternating- Current. Hoist, by 
Raymond E. Brown. 

Papers Nos. 1, 2 and 7 are published 
in this issue of the PROCEEDINGS. 
Advance copies of the other papers will 
be distributed at the meeting. 
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A. L. Е. Е. Annual Convention 


The 32nd Annual Convention of 
the American Institute of Electrical 
Engineers will be held at Deer Park, 
Maryland, June 29, 30, July 1, 2, 1915. 
The Convention headquarters will be 
at the Deer Park Hotel, where the 
technical sessions will be held. 


The following convention committee ` 


has been appointed by President Lin- 
coln to take charge of the convention 
arrangements, with the exception of 
the technical program: 


Messrs. John H. Finney, Chairman, 

513 National Metropolitan Bank 
Bldg., Washington, D. C. 

Н. Н. Barnes, Jr., New York. 
V. W. Bergenthal, St. Louis, Mo. 
A. W. Berresford, Milwaukee, Wis. 
J. H. Davis, Baltimore, Md. 
G. Faccioli, Pittsfield, Mass. 
J. J. Kline, Fort Wayne, Ind. 
А. 5. McAllister, New York. 
J. C. McQuiston, East Pittsburgh, Pa. 
N. J. Neall, Boston, Mass. 
Homer E. Niesz, Chicago, ПІ. 
Farley Osgood, Newark, N. J. 
Lewis T. Robinson, Schenectady,N.Y. 
A. M. Schoen, Atlanta, Ga. 

: J. Franklin Stevens, Philadelphia, Pa. 
Charles W. Stone, Schenectady, N.Y. 
Charles E. Waddell, Biltmore, N. C. 


The following tentative program has 
been arranged: 


Tuesday, June 29 
10:00 a.m.—12:30 Р.М. 


President's Address. 

l. The Electric Strength of Atr—VI, by 
J. B. Whitehead. 

2. The Reluctance of Some Irregular 
Magnetic Fields, by John F. H. 
Douglas. ; 


12:30—2:30 P.M. 

Sections Committee Luncheon. 
2:30—5:00 P.M. 

3. The Measurements of Dielectric 


Losses with the Cathode Ray Tube, 
by John P. Minton. | 


{April 


4. Irregular Wave Forms; The Signsfi- 
cance of Form Factor, Dsstortton 
Factor and Other Factors, by Fred- 
erick Bedell. 

9:00 Р.м. 


Reception. 


Wednesday, June 80 
10:00 a.m.—12:30 Р.м. 


5. Classification of  Alternating- Cur- 


rent Motors, by Val A. Fynn. 

6. Alternating- Current Commutator 
Motor Classification and Nomen- 
clature, by Frederick Creedy. 

7. Short Circuits on Alternators, by 
Comfort A. Adams. 

8. Electricity іп Grain Elevators, by 
H. E. Stafford. 

9. Fselds of Motor Application (Тофя- 
cal Discussion), by D. B. Rushmore. 


12:30—2:30 р.м. 
Sections Committee Luncheon. 


8:15 Р.М. 
Joint meeting with Illuminating Engi- 
neering Society. 
10. The Effective Illumination of Streets, 
by Preston S. Millar. 
11. Systems of Street Illumination, by 
Charles P. Steinmetz. 


Thursday, July 1 
10:00 a.m.—12:30 P.M. 


12. Construction and Maintenance Costs 
of Overhead Contact Systems, by E. 
J. Amberg and Ferdinand Zogbaum. 

13. The Contact System of the Butte, 
Anaconda and Pacific Railway, by 
J. B. Cox. 

14. Third Rail and Trolley System of 
the West Jersey and Seashore Rail- 
road, by J. V. B. Duer. 

15. Top Contact Unprotected Contact 
Rail for 600- Volt Traction System, 
by Charles H. Jones. 

16. Under-Running Third Rail 
ductors, by Edwin B. Katte. 


12:30—2:30 P.M. 
Board of Directors Luncheon. 
8:15 P.M. mE 
Section. Delegates Meeting. ` 


Con- 
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Friday, July 2 
10:00 a.m.—12:30 P.M. 


17. Phase Angle of Current Trans- 
formers, by Chester L. Dawes. 


18. Instrument Transformers, by Charles 
L. Fortescue. 


19. The Induction Watt-Hour Meter, by 
V. L. Hollister. 


12:30—2:30 Р.М. 


Sections Committee Luncheon. 


2:30--5:00 Р.м. 


20. Economic Operation of Electric Ovens, 
by Percy W. Gumaer. 


21. Class Rates for Electric Light and 
Power Systems, by Frank G. Baum. 


Deer Park, Maryland, is on the main 
line of the Baltimore and Ohio Railroad 
and is the largest summer resort in the 
Allegheny Mountains, being 2,800 feet 
above sea level. It is 11 hours from 
Cincinnati or New York, 9 hours from 
Philadelphia, 7 hours from Pittsburgh, 
13 hours from Columbus, 21 hours from 
Chicago, and 12 hours from Cleveland, 
and it has through Pullman car service 
from all of these cities. 

The hotel is situated about 300 vards 
from the railway station and is divided 
into three parts, the main building and 
eastern and western annexes. It is 
€quipped with every modern appliance 
for the convenience of guests, and has 
` large airy rooms, spacious verandas, 
and covered passageways between the 
main building and annexes. Pool rooms, 
bowling alleys, golf links, tennis courts, 
baseball grounds, etc., will be available 
to members without charge. Ап ог- 
chestra will be provided by the hotel 
to furnish music for dancing. 
| Its location оп the mountain top 
insures a delightful temperature and 
the hotel is supplied with spring water 
from the famous Boiling Springs, which 
have a national reputation. The con- 
vention hall has a seating capacity for 

People. 

The hotel rates per day are $3.00, 

$4.00 and $5.00. 
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PanamaePacific Convention, 
San Framcisco, September 
16218, 1915 


The Panama-Pacific Convention Com- 
mittee is actively at work making 
plans and arrangements for this con- 
vention, which is to be held in San 
Francisco, September 16-18, 1915, dur- 
ing the week immediately preceding 
the International Engineering Congress. 

The personnel of the Convention 
Committee appointed by President 
Lincoln is as follows: Messrs. W. W. 
Briggs, Chairman, А. H. Babcock, A. 
M. Hunt, А. С. Jones, H. А. Lardner, 
J. T. Whittlesey, and C. J. Wilson, all 
of San Francisco; Prof. C. L. Cory, 
University of California; Prof. Harris 
J. Ryan, Leland Stanford, Jr. Uni- 
versity; Mr. L. T. Robinson, Chairman, 
Institute Meetings and Papers Com- 
mittee; Messrs. Н.Н. Barnes, Jr. and 
George F. Sever, of New York. 

The first meeting of the Convention 
Committee was held at the Engineers' 
Club, San Francisco, February 19, at 
which there was a general discussion 
of plans for the convention, and the 
following appointments as chairmen of 
the sub-committees indicated were 
made: Mr. H. А. Lardner, Chairman, 
Meetings and Halls Committee; Mr. 
C. J. Wilson, Chairman, Entertainment 
Committee; Mr. А. H. Babcock, Chair- 
man, Local Papers Committee. 

The San Francisco committee has al- 
ready made reservations of ample ac- 
commodations in the Auditorium Build- 
ing for holding the technical sessions 
and other meetings of the convention. 
The official headauarters of the Insti- 
tute will be at the Hotel St. Francis. 
Information regarding transportation 
and hotel accommodations was mailed 
to the membership last week in a cir- 
cular issued by the Committee on 
Transportation of the International En- 
gineering Congress. 

It has been decided to limit the tech- 
nical sessions to the mornings and after- 
noons of Thursday and Fridav, Sep- 
tember 16 and 17, thus leaving the 
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remainder of the time free for inspec- 
tion trips or other plans. 
The Meetings and Papers Committee 


is active in formulating its plans for. 


the technical sessions. Further in- 
formation willl be published in the 
PROCEEDINGS from month to month. 


Honorary Vice-President for 
Pacific Coast 


At the March meeting of the Board 
of Directors, Professor Harris J. Ryan 
was appointed Honorary Vice-President 
of the Institute on the Pacific Coast, 
during the Panama-Pacific Exposition, 
by the adoption of the following resolu- 
tion: 

“ Resolved that Professor Harris J. Ryan, 
of Leland Stanford Jr. University, California, be 
and he hereby is appointed Honorary Vice-Presi- 
dent of the American Institute of Electrical 
Engineers. to act as a special honorary represen- 


tative and officer of the Institute, on the Pacific 
Coast, during the Panama-Pacific Exposition.” 


It was the belicf of the Board that 
the importance of the occasion on the 
Pacific Coast justified the creation of 
this special honorary office, and there 
was a general desire to honor Professor 
Ryan as an eminent member and former 
Vice-President of the Institute by his 
appointment to this office. 


Report of Committee of Tellers 
on Nomination Ballots 


To the Board of Directors, American 
Institute of Electrical Engineers: 


Gentlemen: This committee has 
counted and canvassed, in accordance 
with Article VI of the Constitution, the 
nomination ballots received for officers 
of the Institute for 1915-1916. Тһе 
result is as follows: 


Total number of envelopes said to con- 

tain ballots, received from the Secre- 
1426 
Rejected on account of bearing no iden- 

tifying name on outer envelope....... 34 
Rejected on account of having reached 

the Secretary's office after February 


[April 


These valid ballots were counted and the result 
is shown below: 


- FOR PRESIDENT 
John] Carver. e wA а Кил а Ы 


1209 
Scattering and МапЕ.................... 112 
Total сазы сим oti ep a wae 1321 


(The scattering vote was divided among 17 
candidates, cach of whom received less than 
3 per cent of the total vote. Detailed distri- 
bution of these votes is shown on the original 
tally sheets filed in the Institute offices.) 


FOR VICE-PRESIDENTS 
Comfort A. Adams, Cambridge, Mass..... 1021 


Harris J. Ryan, Stanford University, Cal.. 865 
J. Franklin Stevens, Philadelphia, Pa..... 793 
William McClellan, New York............ 786 
*William B. Jackson, Chicago, Ill........ š 73 
Scattering and blank.................... 425 
Total; жыш Ушак. ae ate Ер РЕЗ а ы ері 3963 


(The scattering vote was divided among 51 
candidates, each of whom received less than 
3 per cent of the total vote. Detailed distri- 
bution of these votes is shown on the original 
tally sheets filed in the Insticute offices.) 


FOR MANAGERS 


John B. Taylor, Schenectady, М. Y....... 603 
Harold Pender, Philadelphia, Pa.......... 603 
C. E. Skinner, Pittsburgh, Ра............ 586 
Henry Floy. New York.................. 439 
N. J. Neall. Boston, Маѕѕ................ 399 
Philander Betts. Newark, N.]........... 397 
F. B. Jewett, New York................. . 392 
Н.А. Hornor, Philadelphia, Ра........... 296 
Hugh Hazelton, New York............... 254 
N. А, Carle, Newark, N. Ј............ `... 242 
Harris J. Ryan, Stanford University, Cal.. 188 
Stefaan Piek, Buffalo, N. Ү.............. 140 
*E. J. Berg, Schenectady, N. Y........... 108 
Scattering and blank.................... 637 
POLO > ove aan ws CC лане 5284 


(The scattering vote was divided among 59 
candidates, each of whom received less than 
3 per cent of the total vote. Detailed distri- 
butioa of these votes is shown on the original 
tally sheets filed in the Institute offices.) 


*Candidates withdrew their names prior to 
printing of nomination ballots, and their with- 
drawal was therefore indicated on these ballots. 


FOR TREASURER 


George А. Hamilton.... ................ 1131 
Scattering and blank.. ................. 190 
Жоға сананы beau cet ett ms 1321 


Respectfully submitted, 
FREDERICK BORCH,chatrman. 
CHARLES À. ROHR, 
WALTER S. Hovr, 

H. B. HAMMOND, 
RAYMOND C. DARROW, 
Committee of Tellers. 
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Directors’ Meeting, New York, 
March 12,1915 


aye E ө 


The regular monthly meeting of the 
Board of Directors of the Institute was 
held at Institute headquarters, Fridav, 
March 12, 1915, at 3:30 p.m. 


Present: President P. М. Lincoln, 
Pittsburgh, Pa.; Past-Presidents Ralph 
D. Mershon and C. О. Mailloux, New 
York; Vice-Presidents C. E. Scribner, 
New York, Farley Osgood, Newark, 
М. J.; Managers Comfort А. Adams, 
Cambridge, Mass., J. Franklin Stevens, 
Philadelphia, Pa., William B. Jackson, 
and Peter Junkersfeld, Chicago, Ill., 
L. T. Robinson, Schenectadv, N. Y., 
William McClellan, Bancroft Gherardi, 
and А, S. McAllister, New York, John 
H. Finney, Washington, D. C.; Treas- 
urer George À. Hamilton, Elizabeth, 
N. J., and Secretary F. L. Hutchinson, 
New York. 

Тһе action of the Finance Committee 
in approving monthly bills amounting 
to $7,631.49 was ratified. 

On behalf of the Executive Commit- 
tee, which at thelast directors' meeting 
had been empowered to decide upon the 
location for the Annual Convention of 
the Institute for 1915, President Lincoln 
reported that the committee recom- 
mended that the convention be held at 
Deer Park, Maryland, June 29- July 2. 
The recommendation of the Executive 
Committee was approved by the Board. 


Upon the recommendation of the 
Board of Examiners, the Board of 
Directors transferred seven Associates 
to the grade of Member, elected one 
applicant as Member and 82 as Asso- 
ciates, and ordered the enrolment of 
44 students, in accordance with the 
lists printed in this issue of the PRo- 
CEEDINGS. 


The report of the Tellers Committee 
giving the results of its canvass of the 
nomination ballots received for the 
offices to be filled at the next annual 
election was presented. Тһе Board 
selected by ballot, as required by the 
Constitution, its list of Directors’ 
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Nominees for the offices falling vacant, 
with the following result: 

For President, John J. Carty, New 
York; for Vice-Presidents, Comfort A. 
Adams, Cambridge, Mass., J. Franklin 
Stevens, Philadelphia, Pa., and William 
McClellan, New York; for Managers, 
John B. Tavlor, Schenectady, N. Y., 
C. E. Skinner, Pittsburgh, Pa., F. B. 
Jewett, New York, Harold Pender, 
Philadelphia, Pa.; for Treasurer, George 
A. Hamilton, Elizabeth, N. J. 

In accordance with the Constitution, 
these Directors’ Nominees will be in- 
dicated on the election ballot which will 
be mailed to the entire membership not 
later than April 1, together with the 
names of all members who received not 
less than three per cent of the entire 
number of nomination votes cast. 

A considerable amount of other busi- 
ness was transacted by the Board, 
reference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


Past Institute Meetings 

New York.—The 305th meeting of 
the Institute, a joint meeting with the 
New York Section of the American 
Electrochemical Society, was held Fri- 
day, March 12, 1915, in the auditorium 
of the Engineering Societies Building, 
beginning at 8:25 p. m. President 
Paul M. Lincoln presided. 

Mr. Leland L. Summers first pre- 
sented his paper, Fixation of Atmos- 
pheric Nitrogen, and then President 
Lincoln introduced Mr. Frank В. 
Washburn of the American Electro- 
chemical Society, who presented his 
paper, entitled “Тһе Cyanamide Pro- 
cess in the Production of Nitrogen." 
The discussion of the two papers was 
opened by Professor Joseph  W. 
Richards, Secretary of the American 
Electrochemical Society, who was fol- 
lowed by Messrs. J. L. R. Hayden, 
David B. Rushmore, Charles A. Dore- 
mus, F. V. Henshaw, Frank В, Wash- 
burn, and Leland L. Summers. 

At the close of the technical session, 
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a smoker was held in the Institute rooms 
on the tenth floor. 


Past Section Meetings 
Baltimore.—January 22, 1915, Phys- 
ical Laboratory of Johns Hopkins 
University. Subject: Telegraphy. 
Paper: “ Modern Telegraph Methods," 
by Louis M. Potts, illustrated by lan- 
tern slides. Attendance 25. 


February 26, 1915, Phvsical Labora- 


tory of Johns Hopkins University. Sub- 
ject: High-Tension Transmission. Ра- 
рег: “ Four Years’ Operating Experi- 
ence on a High-Tension Transmission 
Line," bv A. Bang, illustrated by lantern 
slides. Attendance 32. 
Boston.—February 15, 1915, Boston 
City Club Building. Sixth annual 
dinner of the Engineers of Boston, under 
auspices of Civil Engineers, Mechanical 


Engineers and Electrical Engineers. 
Short addresses by Gov. David 1. 


Walsh of Massachusetts, and Messrs. 
Charles W. Baker, Charles H. Eglee, 
James W. Rollins, and Harrison P. 
Eddy. Capt. Robert W. Bartlett gave 
some personal narratives of northern 
expeditions. Attendance 280. 

February 26, 1915, Wentworth In- 
stitute. Addresses by Professors A. L. 
Williston and Thomas N. Carver, and 
Messrs. Walter С. Fish, Henry 5. 
Dennison and William B. Hunter, on 
Industrial Education. Joint meeting 
of Civil, Mechanical and Electrical 
Engineers. Attendance 215. 

Cleveland.— February 15, 1915, Elec- 
trical League Rooms, Hollenden Hotel. 
Papers: (1) “ Searchlights," by R. B. 
Chillas, (2) “ Lighthouse Illumination,” 
by Raymond Haskell. Attendance 36. 

Detroit-Ann Arbor.—Fcbruary 12, 
1915, Detroit Engineering Society Club 
Rooms. Paper: “ Development of Ni- 
арага Falls Power Company," by R. W. 
Ten Brook, illustrated by lantern slides. 
Attendance 60. 

February 26, 1915, Detroit Engineer- 
ing Society Club Rooms. Subject: 
Illumination. Paper: “ Illuminating 
Engineering and the Problem of Waste," 


[April 


by H. H. Magdsick, illustrated with 
lantern slides. . Attendance 60. 

“Богі Wayne.—February 18, 1915, 
Commercial Club. Address by Mr. 
E. J. Brobst on “ Automatic Starting 
and Lighting Systems." Attendance 
18. 

Ithaca.—]anuary 22, 1915, Franklin 
Hall, Cornell University. Lecture by 
Mr. Elmer A. Sperry on '' The Electri- 
cally Driven Gyroscope in Service." 
The lecture was illustrated by the opera- 
tion of an electrically driven gyroscope, 
also lantern slides showing applications 
of the gyroscope. Attendance 325. 

Februarv 12, 1915, Franklin Hall, 
Cornell University. Subject: Electric 
Railways. Paper: “ Some Recent De- 
velopments in Electric Railway Prac- 
tise апа Equipment," by Paul H. 
Smith, illustrated with lantern slides. 
Attendance 80. 

Los Angeles.—February 16, 1915, 
Chamber of Commerce. Subject: Dis- 
tribution. Paper: '' The Essentials of 
a Down-to-Date Distributing System,” 
by R. E. Cunningham. Attendance 10. 

Lynn.—February 17, 1915, General 
Electric Works, West Lynn.  Illus- 
trated lecture by J. Lester Woodbridge 
on “ The Characteristics and Uses of 
Storage Batteries." Attendance 322. 

March 10, 1915, General Electric 
Works. Illustrated lecture by J. G. 
Patterson on ''Up-to-Date Telephone 
Problems." Attendance 237. 

Milwaukee.—]anuary 29, 1915, 
Plankinton House. Meeting under aus- 
pices of Milwaukee Section of American 
Chemical Society. Illustrated address 
by Dr. J. H. Mathews on ''Some 
Recent Advances in the Processes of 
Color Photography." Attendance 80. 

February 10, 1915, Intake Tunnel, 
Lake Park. Inspection trip through 
Intake Tunnel at Lake Park, under 
auspices of Engineers Society of 
Milwaukee. Attendance 150. 

Philadelphia.— February 8, 1915, En- 
gineers’ Club. Subject: Illumination. 
Papers: (1) “ Progress in Illumination 
during the Past Year," by George A. 
Hoadley; (2) “ The Incandescent Lamp, 
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Its Recent Development and Applica- 
tion," by George H. Stickney. Joint 
meeting with Philadelphia Section of 
Illuminating Engineering Society. At- 
tendance 130. 


February 11,1915, Franklin Institute. 
Paper: "Recent Researches in Electric- 
ity at the Bureau of Standards’’, by 
Dr. E. B. Rosa. Joint meeting with 
Franklin Institute. Attendance 200. 


March 8, 1915, Engineers' 
Paper: “Тһе Fundamental Equations 
of Wave Motion on Transmission 
Lines," by W. S. Franklin. Atten- 
dance 80. 


Pittsburgh.—February 9, 1915, Oliver 
Building. Subject: Electricity in Ma- 
rine Work. Paper: “Тһе Electrical 
Equipment of a Battleship," bv H. A. 
Hornor, illustrated with lantern slides. 
Attendance 140. 


Pittsfield.—February 25, 1915, Gen- 
eral Electric Restaurant. Sixth annual 
dinner of Pittsfield Section. Atten- 
dance 110. 


Portland.— March 2, 1915. Subject: 
Accounting. Paper: “ Cost Accounting 
from the Engineer’s Standpoint," by 
J. C. Martin. Joint meeting with N. 
E. L. A. Attendance 70. 


Rochester.—February 26, 1915. Pa- 
per: “ Long-Distance Transmission of 
Measurements," by J. W. Ward. At- 
tendance 38. 


San Francisco.—February 26, 1915, 
Engineers’ Club. Paper: “ Electric 
Utility Financing," by George К. 
Weeks. Attendance 65. 


Schenectady.—February 24, 1915, 
Edison Club Hall. Moving pictures of 
different departments of General Elec- 
tric works, also of Panama Canal. Pic- 
tures explained by Mr. C. F. Bateholts, 
who also gave a talk on uses to which 
moving pictures are put for advertising 
and amusement. Attendance 400. 

March 2, 1915, Edison Club Hall. 
Subject: Motor Control. Paper: ‘‘ The 
Principles and Systems of Control for 
Electric Motors,” by C. D. Knight. 
Attendance 138. 


Club. 
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March 16, 1915, Edison Club Hall. 
Paper: “Тһе Cotton Industry," bv 
Sidney B. Paine. Attendance 138. 


Seattle.—February 16, 1915, Central 
Building. Papers: (1) "''Crude Oll 
Diesel Engine Plant," by E. A. Ransom; 
(2)''Gas Engine Plant,” by L.P. Tolman; 
(3) “ Steam Plant," by H. W. Beecher; 
(4) “ Hydroelectric Plant”, by G. H. 
Moore. Attendance 32. 


Spokane.—January 15, 1915, Cham- 
ber of Commerce Building. Papers: (1) 
“ Some Features of Parallel Operation," 
by L. J. Corbett; (2) ‘Secondary 
Grounds and Ground Testing," by G. 
H. Hoppin. Address by Mr. Barry 
Dibble on '' Use of Electricity by the 
Government." Attendance 21. 


February 19, 1015. Addresses: '' The 
Function of Capacity and Inductance in 
Tuning in Wireless Telegraphy," bv F. 
A. Ruppert, and ‘‘ Instruments which 
Comprise a Wireless Station, and Their 
Functions,” by E. V. Olson. Demon- 
stration of wireless apparatus. Paper: 
“ The Best Control of Public Utilities," 
by F. G. Baum. Attendance 82. 


St. Louis.—February 10, 1915. Еп- 
gineers Club. Paper: ''Special Іп- 
dustrial Applications of Electricity," 
by J. A. Osborne. Attendance 50. 


‘March 12, 1915, City Club.  Illus- 
trated travelogue by Mr. S. М. Clarkson 
on his recent trip from St. Louis to 
Australia and return. Attendance 150. 


Toledo.—March 3, 1915, Toledo 
Commerce Club. Address by Mr. E. 
H. Martindale on “ Use and Misuse of 
Carbon Brushes." Attendance 20. 


Urbana.— February 12, 1915, Elec- 
trical Laboratory. Lecture by Profes- 
sor Ellery B. Paine on “А New Туре 
of Electrica! Condenser," followed by 
demonstrations. Atten- 
dance 72. 


Washington.—February 9, 1915, Cos- 
mos Club Hall. Address by Mr. Hugh 
L. Cooper on the Keokuk and other 
hydroelectric works upon which he has 
been engaged. Attendance 60. 
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Past Branch Meetings 


University of Alabama.—February 
22, 1915, Comer Hall. Paper: ‘‘Load 
Factors," by T. D. Johnson. Attend- 
ance 10. 

March 8. 1915, Comer Hall. Address 
by Mr. E. C. Brantley on ''Outdoor 
Substations." Attendance 17. 

University of Arkansas.— February 
23, 1915, Engineering Hall. Papers: (1) 
"Niagara Power Development;’’ (2) 
"Electrical Operation of the Butte, 
Anaconda and Pacific Railway;" (3) 
"Sparks." Attendance 14. 

March 2, 1915. Papers: (1) “ Auto- 
mobile Engine Trouble;”’ (2) “Magnetic 


Properties of Electric Iron;" (3) 
"Sparks." Attendance 15. 
March 9, 1915. Paper: “Electric 


Welding," illustrated with lantern slides. 

Armour Institute.— February 18,1915, 
Science Hall. Illustrated lecture оп 
“Тһе Manufacture of Rubber-Covered 
Wires and Cables," by Henry А. Morss. 
Attendance 129. 

University of  Cincinnati.—Febru- 
ary 9, 1915. Address by Mr. Shepard 
on “Remote Control." Attendance 77. 


March 5, 1915. Illustrated address 
by Mr. Yocum on ''High-Voltage D-C. 
Railways." Attendance 17. 


Clemson College.— February 9, 1915, 
Steam Lecture Room. Papers: (1) 
"Steel Towers for Electrical Transmis- 
sion;' (2) “Тһе Growth of Electrical 
Systems in the South;" (3) ‘‘Review of 
the Electrical Periodicals for February." 
Attendance 34. 

University of Colorado.— February 
11, 1915. Address by Mr. L. S. Ickis on 
“Тһе Value of a Technical Education 
to the Practising Engineer." Attend- 
` ance 21. 

February 25, 1915. Address by 
Mr. John Salberg on “Тһе Effects of 
Electricity on Industrial Revolution." 
Attendance 37. 

Georgia School of Technology.— 
February 5, 1915, Electric Building. 
Paper: “Modern Developments in Dis- 


tributing Transformers, and Capital- | 
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ization of "Transformer Losses," by 
Thomas Fuller. Attendance 47. 
February 12, 1915, Chemistry Build- 
ing. Paper: “Application of Individual 
Motor Drive to Textile Machinery," 
by C. Emerson. Attendance 46. 
February 19, 1915, Electric Build- 
ing. Lecture by Mr. R. L. Hughes on 
“Otis Elevators." Attendance 37. 
Highland Park College.—February 
3, 1915, Main Building. Address by 
Mr. W. E. Byerts. Attendance 47. 
February 17, 1915. Papers: (1) “П- 
lumination Measurements;'" (2) “Ғас- 
tory Lighting;" (3) "Lighting Sched- 
ules;" (4) “Тһе Design of Illumination 
for Large Rooms." Attendance 68. 


University of Kansas.—February 8, 
1915, Engineering Building. Paper: 
"Water Purification," illustrated by 
lantern slides. Attendance 30. 


University of Kentucky.—February 
18, 1915, Mechanical Hall. Illustrated 
lecture by Mr. W. M. Hannah on 
"Modern Practise in Electrical Power 
Plant Equipment." Attendance 35. 

March 7, 1915. Paper: “Uses and 
Applications of Fractional Horse 
Power Motors." Attendance 52. 


Lafayette — College.—February 11, 
1915, Pardee Hall. Papers: (1) ''Train 
Lighting Systems;" (2) “Electrification 
of Chicago, Milwaukee and St. Paul 
Railroad." Attendance 21. | 

Магсһ 4, 1015. Рарегв: (1) “Тһе 
Booster Rotary;" (2) “Electric Furn- 
aces, Types and Operators;" (3) ‘‘Pub- 
lic Service Commissions іп America;" 
(4) “Determination of Wave Length in 
Radiotelegraphy." Attendance 21. 


Lehigh University.—February 12, 
1915, Physics Lecture Room. Papers: 
(1) "Senior Electrical Engineers’ Trip 
to New York," by C. M. Seiger; (2) 
"Side Lights on Our Work with the 
Lehigh Navigation Electric Company'', 
by E. F. Weaver and А. G. Birdsall. 
Attendance 41. | 

University of Missouri.—February 
15, 1915, Engineering Building. Ad- 
dress by Mr. С. К. Born on ''Telephone 
Engineering." Attendance 23. 
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March 3, 1915. Paper: "Industrial 
Applications of Electric Motors,” 
by M. P. Weinbach. Attendance 20. 

Montana State College.—February 
20, 1915, Physics Lecture Room. 
Illustrated lecture by Mr. C. D. Kun- 
kel on ‘‘Electricity in Mining." At- 
tendance 34. | 

University of Nebraska.—February 
3, 1915. Address by Prof. L. B. Tucker- 
man, Jr., оп “Тһе Latest Develop- 
ments in Radio Telegraphy and Tele- 
phony.”’ 

North Carolina College of Agricul- 
tural and Mechanical Arts.—February 

16, 1915. Illustrated lecture by Mr. 
W. M. Gallant on ‘‘The Watt-Hour 
Meter, and Switchboard Instruments.” 
Attendance 32. 

March 2, 1915. Paper: ''Electrifica- 
tion of the Cascade Tunnel of the Great 
Northern Railway,” illustrated by lant- 
ern slides. Attendance 25. 

March 9, 1915. Demonstration of 
. the aluminum-carbon electrolytic rec- 
tifier. Address on ‘‘High-Tension Port- 
able Substations." Attendance 22. 

Ohio Northern University.—Febru- 
ary 17, 1915, Hill Memorial. Papers: (1) 
“Electric Automobile Starters," by 
C. R. Alden; (2) "Epstein Test," by 
M. Kitriff; (3) "Engineering Ethics,” 
by Prof. McEachron. Attendance 33. 

Ohio State University.— February 
19, 1915, Robinson Laboratory. Pa- 
pers: (1) "Sphere Сар," by J. К. Swi- 
gart; (2) "Power Plant Accidents," by 
C. D. Powell. Attendance 30. 

March 5, 1915. Papers: (1) ‘‘The 
Present Status of Prime Movers;" (2) 
“Edison; A Brief Review of His Early 
Life." Attendance 36. 

. University of Oklahoma.—February 
17, 1915. Papers: (1) “Public Utilities,” 
by R.W. Stinson; (2) “Current Topics,” 
by, Charles L. Wolfe; (3) “Сеогре W. 
Goethals," by W. Hott. Attendance 14. 

Oklahoma Agricultural and Me- 
chanical College.—February 10, 1915. 
Papers: (1) “Reinforced Concrete Posts 
for Transmission Lines," by Н. К. 
Weber; (2) “Electrolytic Rheostats,'' 
by H. C. Woodson. Attendance 37. 
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Oregon Agricultural College.—Feb- 
ruary 16, 1915. Paper: ‘‘Underwriting 
and the Electrical Contractor," by F. 
D. Weber. Attendance 13. 


March 2, 1915. Paper: ''The Possi- 
bilities of Hydroelectric Development 
in Oregon," by L. F. Harza. Attend- 
ance 45. 

Pennsylvania State College.—Janu- 
ary 20, 1915, Engineering Club Room. 
Paper: “Тһе Work of the College 
Graduate," by Dean Kinsloe. Attend- 
ance 63. 

February 18, 1915. Papgrs: (1) “Тһе 
Development of the Commercial Wire- 
less Telegraph," Бу W. M. Stemple; (2) 
"Advantages of Membership in the A. 
I. E. E." by D. E. Winslow. Attend- 
ance 46. | 

University of Pittsburgh.—February 
8, 1915, Thaw Hall. Address by Presi- 
dent P. M. Lincoln on “The Young 
Engineer." Attendance 51. 


Rensselaer Polytechnic Institute.— 
February 16, 1915, Sage Laboratory. 
Illustrated lecture by Messrs. К. V. 
Hoopes and С. D. Zimmerman on “ОП 
Switches." Attendance 45. 


Rhode Island State College.—Febru- 
ary 17, 1915, Lippitt Hall. Address by 
Mr. Leon Harris on “Industrial Power 
and Its Different Phases." Attendance 
23. 

March 10, 1915. Address by Mr. C. 
E. Seifert on “Тһе Commutating Pole 
Motor and Its Different Phases." 
Prof. Dickenson gave a demonstration 
in connection with the Address. At- 
tendance 25. 

Rose Polytechnic Institute.— March 
2, 1915. Papers: (1) "Use of Thermit in 
War," by R. M. Smith; (2) ‘‘ Deteriora- 
tion of Concrete due to Electrolysis."' 
by Н.А. Smith. Attendance 34. 

Stanford | University.—February 4, 
1915, Engineering Building. Paper: 
"Watt-Hour Meters." Attendance 20. 

Syracuse University.—February 11, 
1915. Address by Mr. J. А. Coy on 
“Тһе Power Plant of the Fort Worth 
Electric Company." Attendance 18. 
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February 18, 1915. Paper: ‘‘Loco- 
motives for the Panama Canal." At- 
tendance 14. 

February 25, 1915. Paper: ''Social 
Economy as Practised at the Western 
Electrical Instrument Company," by 
George W. Parsons. Attendance 17. 

March 4, 1915. Paper: ''Telephone 
Engineering", by C. S. Abren. Attend- 
ance 17. 

Agricultural and Mechanical Со1- 
lege of Texas.—February 13, 1915, 
Electrical Engineering Building. Pa- 
per: “Тһе Present Standing of the 
Motor as a Means of Machine Drive," 
by G. H. Froebel. Attendance 50. 

University of Texas.—January 29, 
1915. Illustrated lecture by Mr. W. 
M. Clayton on ''Some Features in the 
Construction of the Modern Trans- 
former." Attendance 22. 

February 19, 1915. Illustrated lecture 
by Dr. S. L. Brown on ''Hydroelectric 
Developments on the Pacific Coast." 
Attendance 23. 


Virginia Polytechnic  Institute.— 
February 24, 1915. Election of officers 
as follows—chairman, М. F. Peake; 
secretary, J. R. Murphy. Attendance 
52. 


University of  Virginia.—March 2, 
1915, Mechanical Laboratory. Papers: 
(1) "Towing Locomotives on Panama 
Canal;" (2) ''100,000-Volt Portable 
Transformers;" (3) “Electrical Equip- 
ment of Battleships." Attendance 16. 


University of Washington.—Febru- 
ary 9, 1915, Good Roads Building. Ad- 
dress by Mr. R. F. Robinson on ''Some 
Operating Features of Practical Tele- 
phony." Short talk on “Telephone 
Trouble" by Mr. H. W. McRobbie. 
Attendance 25. 

March 2, 1915. Address by Mr. R. 
E. Thompson on ‘‘Radiotelegraphy.”’ 
Attendance 42. 

West Virginia University.— March 5, 
1915. Recent Institute papers were 
abstracted and discussed. Attendance 
40. 

Worcester Polytechnic Institute.— 
February 19, 1915. Illustrated address 
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by Mr. G. H. Throop on ''Valuation 
of Public Utilities." Attendance 150. 

Yale University.—February 16, 1915, 
Electrical Laboratory. Paper: “New 
Lighting Methods," by C. E. Clewell. 
Attendance 135. 
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MR. WALTER ROBBINS, for many 
years assistant general manager of the 
Wagner Electric Manufacturing Com- 
pany of St. Louis, has been elected 
a vice-president of the company. 


Dr. CARL HERING of Philadelphia, 
Past-President and Fellow of the Insti- 
tute, was recently elected a Fellow of 
the American Association for the Ad- 
vancement of Science, of which he has 
been a member for many years. 


Mr. J. G. DEREMER has assumed the 
management of the general engineering 
department of the American District 
Steam Company, North Tonawanda, 
М. Ү. Мг. DeRemer was formerly 
chief mechanical and electrical engineer 
of the United Light and Power Com- 
pany, San Francisco, Cal. 


Messrs. L. B. Marks and J. E. 
WoOODWELL, consulting engineers, 103 
Park Avenue, New York, announce that 
they will dissolve partnership on May 1, 
1915. Mr. Woodwell will locate his 
offices at 8 West 40th Street, where he 
will continue the general practise of 
consulting engineering, and Mr. Marks 
will retain his offices at 103 Park 
Avenue апа will specialize, as hereto- 
fore, in illuminating engineering. 


Mr. H. A. STEEN has been appointed 
electrical engineer in charge of the 
New Jersey Zinc Company's electrical 
equipment in Franklin and Ogdensburg, 
New Jersey, including power plant, 
motor and light installations and power 
transmission. Mr. Steen has been con- 
nected with the Westinghouse Electric 
and Manufacturing Company, the Allis- 
Chalmers Manufacturing Company and 
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the Cutler-Hammer Company in the 
capacity of designing engineer for the 
past 14 years. | 


—— 


Transferred to the Grade of 
Member March 19, 1915 


The following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board 
of Directors on March 12, 1915. 


DuDLEY, Wray, Local Engineer, Gen- 
eral Electric Co., Pittsburgh, Pa. 
GUPTA, BIRENDRA C., Professor of Elec- 
trical Engineering, C. E. College, 
Sidpur, India. | | 

HEHBRE, FREDERICK W., Instructor of 
Electrical Engineering, Columbia 
University, New York, N. Y. 

МАССАНАМ, PAUL, Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh, Pa. 

MORELAND, EpWARD L., Manager of 
Boston Office, D. C. & W. B. Jack- 
son, Boston, Mass. 

PARKHURST, AUSTIN FLINT, Division 
Supt., Tropical Radio Telegraph Co., 
New Orleans, La. 

SHREWSBURY, LEWIS ALFRED, Supt., 
Electrical Dept., Cia Minera Las Dos 
Estrellas, Mexico City, Mexico. 


Member Elected March 12, 
1915 


LANGLEY, GORDON R., Switchboard En- 
gineer, Canadian General Electric 
Со.; res.. 301 Margaret Ave.. Peter- 
boro, Ont. 


— sÀ 


Associates Elected March 19, 
1915 


AIME, FRANKE L., Construction Foreman, 
Electric Dept., Pittsburgh Railways 
Co.; res., 6205 Alder St., Pittsburgh, 
Pa. 

ARNOLD, FOREST G., Engineer, Com- 
monwealth Edison Co.,. 72 West 
Adams St., Chicago, Ill. 

AXELL, CHARLES G., Chief Draftsman, 
Commonwealth Edison Co., 72 W. 
Adams St. Chicago, Ill. 
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BAKER, JOHN S., Assistant Engineer, 
McMeen and Miller, 1454 Monad- 
nock Block, Chicago, ПІ. 

*BAUGHER, EDWARD J., Engineer, West 
Virginia Traction & Electric Co., 
Wheeling, W. Va. 

BENNETT, JOHN L., Construction Dept., 
Ft. Wayne Electric Works; res., 1203 
W. Jefferson St., Ft. Wayne, Ind. 

BERG, Lars, Electrical Engineer, Berg- 
en Municipal Electric Light & Power 
Co., Elektricitetsverket, Bergen, 
Norway. 

BIGELOW, CHARLES H., Chief Mechani- 
cal Engineer, Millville Mfg. Co., 
Millville, N. J. 

BLAKE, ALFRED D., Associate Editor, 
Power, 10th Ave. & 36th St., New 
York; res.. 4 Оһо Pl., West New 
Brighton, S. I., N. Y. 

*BoGGs, CLARENCE E., Superintend- 
ent, Klees Electric Co., Summerville, 
Ore. 

BROWN, JOHN WILSON, General En- 
gineer, Westinghouse Elec. & Mfg. 
Co., E. Pittsburgh; res., 1102 South 
Ave, Wilkinsburg, Pa. 


BROWN, RAYMOND 5., Asst. Electrical 
Engineer, Northern California 
Power Co.; res., 702 Butte St., Red- 
ding, Cal. 


*BRUMHALL, JOHN H., Iowa Railway 
& Light Co., Boone, Iowa. 

*BRYAN, HENRY C., Production Dept., 
Ft. Wayne Electric Works of G. E. 
Co.; res., 1326 W. Jefferson St., Ft. 
Wayne, Ind 

*BURLEIGH, ARTHUR C., Chief Elec- 
trician, Riter-Couley Mfg. Жо 
Leetsdale, Ра. 

*CADWALLADER, JAMES ALBERT, En- 
gineering Dept., Bell Telephone Co. 
of Penna.; res., 5812 Cedarhurst St., 
Philadelphia, Pa. 

CAMPBELL, EDGAR E., Distribution En- 
gineer, Commonwealth Edison Co., 
72 W. Adams St., Chicago, Ill. 

*CLEMENT, Lewis Mason, Shift En- 
gineer, Marconi Station, Wireless 
Telegraph Co., Kahuku, Oahu, T.H. 

*Coup, Екер T., Salesman, Wagner 
Electric Mfg. Co., 1624 Marquette 
Bldg., Chicago, Ill. 
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CnREECY, G. EATON, Inspector, Chesa- 
peake & Potomac Telephone Co., 
106 E. Lexington St., Baltimore; res., 
Ilchester, Md. 

CROWE, JOSEPH WILKINSON, Superin- 
tendent, Eagle River Electric Power 
Co.; res., 2830-2nd St., Baker, Ore. 

Curtis, AUSTEN M., Engineer, Western 
Electric Co., 463 West St., New York, 
N. Y. 

*CurTIS, MARSTON, Draftsman, Elec- 
trification Dept., C. M. & St. Paul 
Ry., Butte, Mont. 

DALTON, WILLIAM J., Electrical En- 
gineer, Fisher Body Co., Detroit, Mich. 

*DaLy, RALPH J., Instructor іп Elec- 
trical Engineering, University of 
Pennsylvania, Philadelphia, Pa. 

*DouGLass, FoRnEST S., Asst. Engineer, 
Electrical Dept., Merchants Heat & 
Light Co.; res., Hotel Barton, In- 
dianapolis, Ind. 4 

FALLOON, ELISHA J., Irrigation Special- 
ist, New Business Dept., Utah Power 
& Light Co., 516 Kearns Bldg., Salt 

. Lake City, Utah. 

FITZGERALD, THOMAS WITT, Instructor 
in Electrical Engineering, University 
of Arizona, Tucson, Ariz. 

*FRANKENBERRY, THOMAS H., Meter 
Dept., Carolina Power & Light Co., 
Raleigh, N. C. 

*FREYGANG, WALTER H., Asst. to Supt. 
of Distribution, East River Gas Co., 
Long Island City, N. Y.; res., 752 
Boulevard, Weehawken, N. J. 

GARRETT, ANTHONY M., Draftsman, 
Commonwealth Edison Со.; res., 
1524 Е. 615% St., Chicago, ПІ. 

GOEBEL, RUDOLPH C., Laboratory As- 
sistant, Electrical Engineering Dept., 
University of Minnesota, Міппе- 
apolis, Minn. 

“GORDON, CHESTER S., Plant Engineer- 
ing, Southwestern Tel. & Tel. Co.; 
res., 3334 Guilbeau St., San Antonio, 
Tex. 

HALE, B. K., Columbus Railway, Power 
& Light Co., Spring St. Station, 
Columbus, Ohio. 

HARAGUCHI, Томисні, Testing Dept., 
General Electric Co.; res., 306 Ger- 
mania Ave., Schenectady, N. Y. 
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Harpy, NORMAN GLADDING, Master 
Mechanic, Arizona Copper Co., Clif- 
ton, Ariz. 

HARRINGTON, CHARLES A., Assistant 
Electrical Engineer, Mahoning & 
Shenango Railway & Light Co.; res., 
257 Crandall Ave., Youngstown, O. 

Нактн, LupwicG, Supt. of Generating 
Sta., City of Winnipeg Hydro-Elec- 
tric System, Point du Bois, Р. О. 
Lac du Bonnet, Man. 

HATCHER, C. K., Chief Operator, Puget 
Sound Traction Light & Power Co., 
Snoqualmie Falls, Wash. 

HERAULT, P. C., Superintendent, Rome 
District, Georgia Railway & Power 
Co., Lindale, Ga. 

HEYBROEK, ERNEST, Assistant Engineer, 
Electrical Construction Work, Chile 
Exploration Corp., Chuquicamata, 
Chile, S. A. | 

HoxiE, CHARLES A., Asst. Elec. Engr., 
Standardization Laboratory, Gen- 
eral Electric Co.; res., 44 Elm St., 
Schenectady, N. Y. 

ISAACS, WILLIAM FREEMAN, Foreman, 
Overhead & Underground Lines, 
Lawrence Gas Co., Lawrence, Mass. 

* JiNGuj1, GENJIRO, Choshi, Chiba Pre- 
fecture, Japan. 

JOHNSTON, Victor G., Morganton, N.C. 

KESSLER, RAINES, Sales Engineer, Terry 
Steam Turbine Co.; res., 179 Whitney 
St., Hartford, Conn. 


*KIMBELL, CARL L., Construction Dept., 
Philadelphia Electric Co.; res., 144 N. 
18th St., Philadelphia, Pa. 


*KLIPPEL, WILLIAM P., Small Motor 
Engineer, Ft. Wayne Electric Works 
of G.E. Co.,26 North American Bldg., 
Ft. Wayne, Ind. 

LEE, CHARLES M., Switchboardman, 
74th St. Power House, Interborough 
Rapid Transit Co.; res., 256 W. 84th 
St., New York, N. Y. 


*LOUGEE, NorMAN A., Consulting En- 
gineering Dept., General Electric Со.; 
res., 233 Union St., Schenectady, 
N. Y. 

Lowry, HanoLDp K., Signal Engineer, 
C. R. I. & P. Ry,, La Salle Station, 
Chicago, Ill. 
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MacINTOsH, REDMOND J., Engineering 
Dept., Southern Bell Tel. & Tel. Co.; 
res., Leland Hotel, Atlanta, Ga. 

*MacKay, WARREN C., Draftsman, 
Anaconda Copper Mining Co.; res., 
604 W. 4th St., Anaconda, Mont. 

MESTON, ARCHIBALD F., Research En- 
gineer, Research Corp., New York; 
res., 1500 Wood St., Wilkinsburg, Pa. 

Moore, WILLIAM JOHNSTON, Supt. of 
Power House, Sanitary District of 
Chicago, Lockport; res., 6024 Herki- 
mer St., Joliet, Ill. 

Morrison, Dovucras P., Electrical En- 
gineer, P. & L. E. R. R., Pittsburgh. 
Pa. 

NICHOLSON, CHARLES L., Draughtsman, 
Toronto Hydro-Electric System; res., 
199 Concord Ave., Toronto, Ont. 

OLSON, MARTIN C., А. C. Engineering 
Dept., General Electric Co.; res., 
2 N. Wendell Ave., Schenectady, N.Y. 

*O’NEAL, JOSIAH PHILIP, Designing 
Engineer, Westinghouse’ Elec. & 
Mfg. Co., E. Pittsburgh; res., Gray 
Apts., Wilkinsburg, Pa. 

*OTTMER, HERMAN G., Electrical En- 
gineer, Ann Arbor, Mich. 

PAULSEL, FREDERIC F., Electrical En- 
gineer, Noblesville, Indiana. 

PRATT, Horace BENJAMIN, Bureau of 
Engineering, Pennsylvania Public 
Service Comm.; res., 601 Beatty St., 
Pittsburgh. Pa. 

RANSDALL, RALPH А., Supt. of Trans- 
mission Lines, Sierra & San Francisco 
Power Co., 58 Sutter St., San Fran- 
cisco, Cal. 

READ, ERNEsT K., Engineering Appren- 
tice, Westinghouse Electric & Mfg. 
Co.. E. Pittsburgh; res., 810 Frank- 
lin Ave., Wilkinsburg, Ра. 


RICHARDSON, HARVEY J., Engineer, 
Commonwealth Edison Co., 72 W. 
Adams St., Chicago, Ill. 

*Rous, Сом C., Assistant to Inspector 
of Ammunition, Ross Rifle Factory, 
Quebec, Que. 

SANBORN, GEORGE M., Telephone En- 
gineer, Western Electric Co., New 
York; res., 1034 Broad St., Newark, 

N. J. 
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SKIDMORE, ERNEST W., Lawrenceburg. 
Tenn. 

SLATER, J. HERBERT, Electrician, Para- 
fine Paint Co.. Emeryville; res., 1402 
Spruce St., Berkeley, Cal. 

STAHL, CHARLES RAYMOND, Chief En- 
gineer, Е. E. White Coal Co. Stotes- 
bury, W. Va. 

STEVENSON, EpWArRbD E., Draftsman, 
Mechanical Engineer’s Office, Los 
Angeles Hall of Records; res., 403 
Brooks Ave., Venice, Cal. 

STRAW, J. B., Instructor in Electrical 
Engineering. University of Penn- 
sylvania Philadelphia, Pa. 

SYKES, CHARLES S., Electrical Engineer, 
General Electric Co.; res., 2041 So. 
57th St., Philadelphia, Pa. 

TUTTLE, Елірн EVERETT, Electric 
Power House Construction. United 
Electric Light Co.; res., 22 Winthrop 
St., Springfield, Mass. 

WALTERS, JAMES N., Engineering Dept., 
New York Telephone Co., 15 Dey 
St., New York; res., 245 Martense 
St., Brooklyn, N. Y. 

*WALTON, JOSEPH N., General Electric 
Co.; res., 45 Forrest Place, Pittsfield, 
Mass. 

WILDER, HARRY CONVERSE, Secretary, 
Malone Light & Power Co., 8 E. 
Main St., Malone, N. Y. 

WILLIAMS, LEROY C., Assistant to En- 
gineer in charge of Substations, 
Pacific Gas & Electric Co., 801 Grant 
Bldg., San Francisco, Cal. 

WILLIAMSON, ARBA G., Signal Engineer, 
Automatic Train Control & Signal 
Co. 7077 Jenkins Arcade Bldg., 
Pittsburgh, Pa. 

WILLIAMSON, BERT А., Electrolysis In- 
spector, Los Angeles Gas & Electric 
Corp.; res., 1760 W. 39th St., Los 
Angeles, Cal. 

*Woop, DANIEL CHARLES, Service In- 
spector, State Public Utilities Com- 
mission of Illinois, 714 Insurance Ex- 
change Bldg., Chicago, Ill. 

*YaATES, J. E., Pacific Power & Light 


Co., Spalding Building, Portland, 
Ore. 
Total 82 


*Former enrolled students. 
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Applications for Election 


Applications have been received by 


the Secretary from the following candi- ` 


dates for election to membership in the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the name. Any 
member objecting to the election of any 
of these candidates should so inform 
the Secretary before April 30, 1915. 


Baird, H. B., Hagerstown, Md. 

Bell, W. R., Millbury, Mass. 

Blaney, L. W., Gatun, C. Z. 

Chapman, P. E., San Francisco, Cal. 

Collins, J. D., Philadelphia, Pa. 

Conwell, R. N., Newark, N. J. 

Cory, M. M., E. Lansing, Mich. 

Danner, J. R., Rancagua, Chile 

Dash, C. C., Cleveland, Ohio. 

Donohue, J. F., Chucquicamata, Chile 

Fondiller, W.(Member), New York,N.Y. 

Guy, G. L. (Member), Winnipeg, Man. 

Haig, W. A., Jr., Milwaukee, Wis. . 

Hasegawa, T., Tokyo, Japan 

Hausen, R. F., Pittsburgh, Pa. 

Howe, C. S. (Fellow), Cleveland, O. 

Humiston, J. M., Chicago, Ill. 

Iengar, N: N., Bangalore, India. 

LaMot:e, W. R., Newark, N. J. 

Lindstrom, N. G. G. (Member), Cleve- 
land, O. | 

Macqueen, J. À., Winnipeg, Man. 

Maher, H. L., Detroit, Mich. 

Malby, S. G., New York, N. Y. 

. McGahey, C. R., Baltimore, Md. 

Minton, J. P., Pittsfield, Mass. 

Muldaur, G. B., New York, N. Y. 

Neblett, H. W., Chicago, ПІ. 

Ohlsson, F. S. (Member), Elkhorn, Wis. 

Perham, О. M., Cedar Rapids, Iowa. 

Ramsey, H. E., Lansford, Pa. 

Rindflish, F. C., Detroit, Mich. 

Roesler, G. A., Englewood, S. D. 

Ross, R. H., Waratah, Tasmania. 

Roth, H. C., Joplin, Mo. 

Rowe, E. C., Chicago, Ill. 

Sanford, D., Grace, Idaho. 

Schertz, W. A. (Member), Milwaukee, 
Wis. 


[April 


Schmiech, C. A., Chicago, Ill. 

Skove, W., Cleveland, Ohio. 

Smith, J. U., San Francisco, Cal. 
Stephens, H. H., Philadelphia, Pa. 
Tanzer, E. D., Easton, Pa. 

Thomson, С. L. A., Newark, М. J. 
Turnbull, W. H., Jr., Woodbury, N. J. 
Watson, T. A. (Fellow), Boston, Mass. 
Whitall, R. C., Westerly, R. I. 
Williams, R. G. H., Bridgeport, Conn. 
Wrench, R. А., Rancagua, Chile. 


Total 48. 


Students Enrolled March 12, 
1915 


7214 Lindsey, G. H., Univ. of Illinois. 
7215 Paffenbarger, R. S., Ohio St. Univ. 
7216 Stephenson, H.M.,Ohio Nor. Univ. 
7217 White, T. K., Univ. of Illinois 
7218 Diefenderfer, I. C., Pa. State Coll. 
7219 Roberts, B. H., Washington Univ. 
7220 Butcher, A. M.,Kans.State Ag.Coll. 
7221 Andrews, R.D., Throop Coll.Tech. 
7222 Orahood, L.O., Armour Inst. Tech. 
7223 Potter, J. V., Montana State Coll. 
7224 Owens, R. W., Univ. of Illinois 
7225 Baker, D. B., Mass. Inst. Tech. | 
7226 Beverage, H. H., Univ. of Maine. 
7227 Brown, B. B., Va. Poly. Inst. 
7228 May, A. D., Syracuse University. 
7229 Parsons, G. M., Syracuse Univ. 
7230 Woolfolk, R. B., Columbia Univ. 
7231 Reasner, G. C., Purdue Univ. 
7232 Heggenberger, L. E., Highland 
Park College 

7233 Talcott, W.W.,Highland Pk.Coll. 
7234 Andrade, R.R., Highland Pk. Coll. 
7235 Craven, B. E., Highland Pk. Coll. 
7236 Hawkins, E. R., Univ. of Idaho. 
1287 Coy, J. А., Syracuse University. 
7238 Dicke, L. E., Lewis Institute. 
7239 Benson, J. D., Towa State College. 
7240 Peterson, J., Purdue University. 
7241 Noble, S. E., Penna. State Coll. 
7242 Gourley, R. L., Penna. State Coll. 
7243 Murray, F. J., Cooper Union. 
7244 Jones, H. D., Univ. of Penna. 
7245 Johnson, F. B., Univ. of Texas. 
7246 Brown, W. E., Jr., Univ. of Texas. 
7247 Jacobs, H. S., Univ. of Texas. 
7248 Davies, J. B., Jr., Univ. of Texas. 
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7254 Bergstresser, H. F., Lehigh Univ. 

7255 Gardner, A. B., Harvard Univ. 

7256 Summers, А. R., Univ. of Illinois. 

7257 Bauer, C. O., Purdue University. 
Total 44. 


7249 Holbrook, H. T., Univ. of Texas. 
1250 Murphy, J. R., Va. Poly. Inst. 

` 7251 Bennett, C. B., Cornell Univ. 
7252 Lockwood, L. D., Cornell Univ. 
7253 de la Roza, J., Cornell Univ. 


EMPLOYMENT DEPARTMENT 


Note: Under this heading brief announcements (not more than 50 words іп 
length) of vacancies, and men available, will be published without charge to mem- 
bers. Copy should be prepared by the member concerned and should reach the 
Secretary's office prior to the 20th of the month. Announcements will not be re- 
peated except upon request received after an interval of three months; during this 
period names and records will remain in the office reference files. АП replies should 
be addressed to the number indicated in each case, and mailed to Institute head- 


quarters. 


The cooperation of the membership by notifying the Secretary of available 


positions, is particularly requested. 


Vacancies 


V-61. Opportunity іп New York 
territory for a technical graduate who 
has had experience in the operation of 
direct-current machinery, preferably 


one who has been through the West-. 


inghouse or General Electric test, and 
who has been employed as a salesman. 


The United States Civil Service 
Commission announces an open com- 
petitive examination for mine elec- 
trician, for men only, on April 28, 1915, 
to be héld at numerous places in the 
U. S. From the register of eligibles 
resulting from this examination, certi- 
fication will be made to fill a vacancy 
in this position in the Bureau of Mines, 
Department of the Interior, for service 
in the field, at a salary ranging from 
$1,200 to $1,500 a year, and vacancies 
as they may occur in positions requir- 
ing similar qualifications, unless it is 
found to be in the interest of the service 
to fill any vacancy by reinstatement, 
transfer, or promotion. 

The duties of this position will be 
to make investigations bearing upon 
the safety of electricity in mines and 
the causes of mine disasters for which 
electricity may have been responsible. 
The duties will involve considerable 
field work and travel. At least one 
year's study of elettrical applications 
іп а technical school of recognized 
standing and five years in actual under- 
ground electrical work in mines, are 
prerequisites for consideration for this 
position. 

Persons who meet the requirements 
and desire this examination should at 
once apply for the circular announcing 


this examination (Form No. 297, is- 
sued March 20, 1915) and Form 1312, 
stating the title of the examination for 
which the form is desired, to the 
United States Civil Service Commis- 
sion, Washington, D. C. 


Men Available 


233. Construction Engineer. Thir- 
teen years’ experience in the construc- 
tion and maintenance of all types of 
transmission lines, distributing systems 
and substations. Can handle any pro- 
position demanding executive and or- 
ganizing ability. Last six years with 
large corporation in the west. Single; 
age 32. 


234. Electrical Engineer. Cornell 
graduate. Fifteen years’ experience, 
mostly in the invention, development 
and manufacture of telegraphic, tele- 
phonic and other signaling devices. 
Has had business and installation ex- 
perience, and has traveled extensively. 
Desires executive or engineering posi- 
tion. 


235. Mechanical and Electrical 
Engineer. Experience includes four-year 
apprentice course, machine trade, with 
Baldwin Locomotive Works; eighteen 
months testing department Westing- 
house Elec. & Mfg. Co., also drawing 
room, rate and estimating departments. 


236. Practical all-round electrician 
with technical education, desires posi- 
tion of responsibility. Married; age 28; 
ten years’ experience power house wir- 
ing, interior wiring, operating, high- 
tension station work, etc. Specially 
familiar with high-tension work up to 
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100,000 volts. Good repairman; 
handle men. Will go anywhere. 


237. Electrical Engineer. 1914 grad- 
uate. Desires position with manufac- 
turing, public service or commercial 
firm. Willing to start at bottom; salary 
not important. Desires permanent loca- 
tion; not particular as to locality. Does 
not use tobacco or liquor. 


238. Electrical Engineer. Mem. A. 
I. E. E, Mem. A. SS M. E. Sixteen 
years' experience embracing drafting, 
design of power plants, transmission 
Systems; illuminating and electrical 
engineering in connection with industrial 
plants, with a considerable amount of 
Steam engineering. Six years іп respon- 
sible charge. 

239. Electrical Engineer and Sales 
Representative. Age 34; married. Eigh- 
teen years’ experience—shop, construc- 
ting and operating hydroelectric, steam, 
gasoline, Diesel, ice plants, and sales 
engineering. Familiar with Allis-Chal- 
mers, G. E. and Westinghouse appara- 
tus. Willing to go to foreign country. 
Can handle Oriental labor. 


240. Distribution Engineer. 25 years' 
experience in design, construction and 
maintenance of acrial and underground 
distribution systems. Thoroughly com- 
petent to design and build underground 
systems. Practical experience in hand- 
ling all types of cable. Fair estimator. 


241. Electrical-Mechanical Engineer. 
Desires responsible position as assistant 
manager of commercial or industrial 
plant located in or near Boston. Gradu- 
ate Mass. Inst. Tech., married, and at 
present employed as an industrial safety 
engineer. Broad practical experience 
which includes office work, machine 
shop practise, inspection work and the 
design of safe-guards. 


can 


242. Young man, 30, experienced іп 
underground distribution, supervision 
of cable work, conduit work, map, re- 
cord and office requirements, testing, 
planning, etc., desires change. 


243. Electrical Engineer. Graduate 
(1911) Univ. Penn. Married. Four 
years with Electric Storage Battery 
Co.; desires position in electrical field 
where good experience may be obtained 
and hard work will be rewarded with 
advancement. Pay to start immaterial. 
Would prefer position in or near New 
York orgPhiladelphia. 


[April 


244. Electrical Engineer. Twelve 
years' experience in design, construc- 
tion and management of electric light, . 
power and railway properties. Thor- 
oughly familiar with estimates, reports, 
accounting systems, rates, etc. Has 
held positions of designing engineer, 
construction superintendent, and gen- 
eral manager. Capable of handling 
employes and successful in dealing with 
the public. 


245. Electrical Engineer. Technical 
graduate; age 24. Desires position with ' 
light and power company, teiephone 
company, or with consulting engineer. 
Eighteen months draftsman and assist- 
ant field engineer with telephone com- 
рапу; several months with light and 
power company as draftsman. Salary 
no consideration if position offers oppor- 
tunity for advancement. 

246. Technical Graduate, (1912 
Sheff.) Would like to obtain a position 
with construction or consulting en- 
gineer. Three years test experience 
with motors and transformers. No 
objection to foreign service. 

247. Mechanical - Electrical Engi- 
neer. Three years shop erecting and 


installations; six years drafting, super- 


vising, assisting electrical and mechani- 
cal engineering departments on gas 
engines, crude-oil engines, generators, 
motors, controllers and switchboards; 
also experience in automobile lighting, 
starting, ignition and gear shift. Thor- 
oughly reliable and energetic. Speak 
several languages. 


248. Electrical Engineer. Technical 
о six years’ experience General 

lectric Test, switchboard operator and 
designing engineer. Any kind of elec- 
trical work with chance of advance- 
ment acceptable. 


249. Electrical Engineer. Twelve 
years’ experience—three years in Europe 
and nine years with American firm; 
desires to be representative for Italy 
of American electrical concern. English, 
French, German, Italian, Spanish 
languages well known. 


250. Experienced salesman, business 
man and engineer, desires position 
where it will not be necessary to travel. 
Sales experience with large electrical 
manufacturing companies. Technical 
and university graduate. Prefer com- 
mercial or other department of public 
service company. 
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Library Accessions 


The following accessions have been made to the 
Library of the Institute since the last acknowledg- 
ment. 

Aufgaben und Lósungen aus der Gleich und 
Wechselstromtechnik ed. 4. By H. Viewe- 
ger. Berlin. 1914. (Purchase.) 

Bow River Power and Storage Investigations. 
(Canada Water Power Branch, Water Re- 
sources Paper no. 2) Ottawa, 1914. (Gift 
of Canada Water Power Branch.) 

Development of water power. (U. S. Senate. 
634 Congress, 3d session) Washington, 1915. 
(Gift of Senate.) 

Edison Phonograph Works, Report on fire, Dec. 
9, 1914. Prepared jointly by National Fire 
Protection Association and National Board 
of Fire Underwriters. Jan. 30, 1915. (Gift 
of National Fire Protection Association.) 

Electric Vehicle Hand-book. Ed. 2. By H. C. 
Cushing, Jr. New York, 1914. (Purchase. 

Elementary Electricity and Magnetism. By W. 
S. Franklin and Barry Macnutt. New York, 
The Macmillan Co. 1914. (Gift of authors.) 
Price $1.25 net. 

Advanced Theory of Electricity and Magnetism. 
By W. S. Franklin and Barry MacNutt. 
New York, The Macmillan Co., 1915. 
(Gift of authors.) Price $2.00. 

The authors, professors in Lehigh University, 
have issued these two text books, with the idea 
in mind to put the essentials of electrical knowl- 
edge in the first volume, a primer; and put the 
theory, stripped of abstruse mathematics, in 
the second. “Тһе character of the treatment 
in this book (the second) has been determined 
throughout by the desire to keep the student's 
mind jammed up tight against physical things." 

Numerous problems are given in both books. 

W.P.C. 

La  Elettrificazione delle Ferrovie. By Aldo 
Righi. Bologna, n.d. (Gift of Nicola Zani- 
chelli.) 

Gas, Electric and Street Railway Association of 
Oklahoma. Proceedings of Annual Conven- 
tion. 2d, 3d. Oklahoma, 1913, 1914. (Gift 
of Association.) 

Graphite. vol. 16, 1914. Jersey City, 
(Gift of Joseph Dixon Crucible Co.) 

Grundzüge des  Ueberspannungsschutzes in 
Theorie und Praxis. By Karl Kuhlmann. 
Berlin, 1914. (Purchase.) 

Impianti Elettrici a Corrent: Alternate. Ву At- 
tilio Marro. Milano, 1914. (Purchase.) 
"Institution of Engineers of the River Plate. 

Bateman Legacy. Buenos Aires, 1914. 

Calculation of Timber Columns. Buenos 

Aires, 1913. 

Development of the City of Buenos Aires 

Water Supply Works. Buenos Aires, 1914. 

Talk about Refrigeration and its General 

Application. Buenos Aires, 1914. 

— — Yearly Report Balance and List of Members 
1913-14 Buenos Aires, 1914. (Gift of In- 
stitution of Engineers of the River Plate.) 


1914. 
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Los Angeles. Board of Public Utilities. Annual 
Report 5th, 1913-14. (Gift of Board of 
Public Utilities, Los Angeles.) 

Manitoba Water Powers. (Canada. Water Power 
Branch, Water Resources Paper no. 7) 

. Ottawa, 1914. (Gift of Canada Water 

Power Branch.) 

Manual of Wireless Telegraphy (Radio) for the 
use of Naval Electriciaas. By S. S. Robin- 
son. Ed. 3. Annapolis, Md., 1913. (Pur- 
chase.) 

Modern Electrical Theory. Ed. 2. By Norman 
Robert Campbell. Cambridge, 1913. (Pur- 
chase.) 

Motion Picture Electricity. By J. H. Hallberg. 
New York, 1914. (Purchasc.) 

Municipal Engineering. Aug. 1913. (Purchase.) 

Naval Electricians Text Book. Ed. 3. Vol I- 
Theoretical. By W. H. G. Bullard. Anna- 
polis, 1915. (Purchase .) 

New York State. Public Service Commission 
for the Eirst District. Report, vol. I, 1913. 
Albany, 1914. (Exchange.) 

Notes on the Water Supply of Greater New York. 
By Wm. T. Taylor. Reprinted from Trans- 
actions of Society of Engineers, 1914. 
(Gift of author.) 

Smithsonian Physical Tables. Ed. 6. Washing- 
ton, 1914. (Purchase.) 

Technical and Hydro-electric and Trans nission 
Section. Features of design of high-tension 
transmission systems, with table. By Selby 
Haar. (Read before the National Electric 
Light Association, 37th Convention, June 
1-5, 1914.) (Gift of author ) 

Telegraph Engineering. By Erich Hausmann. 
New York, 1915. (Gift of D. Van Nostrand 
Co.) Price $3.00 net. 

The book is the out-growth of Professor Haus- 
mann's lectures at the Brooklyn Polytechnic 
Institute. It treats of simplex. duplex, and 
quadruplex telegraphy; automatic and printing 
telegraphs; municipal and railroad systems; 
transmission lines and cables; and submarine 
telegraphy. W.P.C. 
Text Book of Physics—Electricity and Magnet- 

ism. By J. H. Poynting and J. J. Thomson. 
London, 1914. (Purchase.) 

Transmission Line Construction— Methods and 
Costs. Ву В. А. Lundquist. New York, 
1912. (Purchase.) i 

Travaux du Laboratoire Central d'Electricité. 
Tome III, 1912-13. By P. Janet. (Société 
Internationale des Electriciens) Paris, 1914. 
(Exchange.) 

Vermont. Public Service Commission. Biennial 
Report, 14th, 1912-14. Bellows Falls, 1914. 
(Gift of Commission.) 


TRADE CATALOGUES 


Allgemeine Elektricitats Gesellschaft. Berlin, 
Germany. Nitra-u. Spiraldraht Lampen fur 
Photographie Kinematographie und Pro- 
jektion. 

Chicago Pneumatic Tool 
Ideal Power. Feb. 1915. 


Co. Chicago, ШІ. 
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Leeds & Northrup Со. Philadelphia, Pa. 
Macbeth Illuminometer. 16 pp. 

Ohio Brass Co. Mansfield, Ohio. O-B Bulletin 
Jan.-Feb. 1915. 
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American Manufacturers Export Association. 
Year Book, 1914. New York, 1914. (Gift 
of Association.) 

American Year Book, 
:1915. (Purchase.) 

Brown's Directory of American Gas Companies. 
1914. New York. 1914. (Purchase.) 

Carnegie Library of Pittsburgh. Men of Science 
and Industry. A guide to the biographies 
of scientists, engineers, inventors and physi- 
cians. Pittsburgh, 1915. (Gift of Carnegie 
Library of Pittsburgh.) 

Collection of Papers written by Geo. F. Kunz. 
(Gift of author.) | 

Construction of Masonry Dams. By Chester 
W. Smith. New York, 1915. (Purchase.) 

Cushing’s Manual of Parlimentary Law and 
Practice. Revised and enlarged by C. K. 
Gaines. Boston-New York, 1912. (Purchase.) 

Die Dampfkessel. Ed. 3. By F. Tetzner. Berlin, 
1907. (Purchase.) 

Dewey Decimal Classification. Ed. 8. Lake 
Placid Club, N. Y. 1913. (Purchase.) 

Eagle Almanac, 1915. Brooklyn-New York, 1915. 
(Purchase.) 

Economics of Business. By N. A. Brisco. New 
York, 1913. (Purchase.) 

Einfahiung in die Organisation von Maschinen- 
fahriken. By Р. Meyenberg. Berlin. 1913. 
(Purcnase.) 

Engineering Geology. By Heinrich Ries and T. 
L. Watson. New York, 1914. (Purchase.) 

Entwerfen einfach bewehrter Eisenbetonplatten. 
By M. Preuss. Berlin, 1914. (Purchase.) 

Electric Vehicle Association of America Papers, 
Reports and Discussions of 2d Annual Con- 
vention. 1911. (Gift of Association.) 

Electrical Patents, 1914. (Gift of Robt. 6. Allen.) 

Die elektrischen Metallfadengluhlampen. By C. 
H. Weber. Leipzig, 1914. (Purchase.) 

Ermittlung der billigsten Betriebskraft für Fa- 
briken. By Karl Urbahn. Ed. 2, by Ernst 
Reutlinger. Berlin, 1913. (Purchase.) 

Handbuch für Eisenbetonbau. Band 11, Ed. 2. 
By F. von Emperger. Berlin, 1915. (Pur- 
chase.) | 

Jahrbuch der Technischen Zeitschriften Litera- 
tur far die Literaturperiode 1913. Berlin, 
1914. (Purchase.) р 

Kansas Gas, Water, Electric Light and Street 
Railway Association. Proceedings of an- 
nual meeting. 13th, 16th. 1910, 1913. 


1914. New York-Lond. 
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Kansas Gas, Water Electric Light and Street 
Railway . Association. Official Convention 
Proceedings. 17th Annual meeting. 1914. 
(Gift of Association.) 

Das Leuchten der Gase und Dampfe. By Hein- 
rich Konen. (Die Wissenschaft, Band 49.) 
Braunschweig, 1913. (Ригсһаѕе.) 

Manual of Corporace Organization. Ed. 3. By 
Thomas Conyngton, New York, 1913. 
(Purchase.) 

Die Methoden der Massanalyse. By H. Beckurt 
Braunschweig, 1913. (Ригсһаѕе.) 

Michigan Gas Association. Proceedings of 23d 
Annual Meeting 1914. (Gift of Association.) 

New York Times Index, vol. IV, 1914. New 
York, 1014. (Рагсһаве.) 

Pennsylvania, First Industrial Directory, 1013. 
Harrisburg, 1914. (Gift of Department of 
Labor and Industry.) 

Praktisches Handbuch der Fabrikation und 
Bearbeitung des Stahls. By Damemme. 
Leipzig, 1839. (Purchase.) 

Preservation of Structural Timber. By H. F. 
Weiss. New York, 1915. (Purchase.) 
Prometheus. vols. 1-19, 1889-1908. Вегііп,1890- 

1909. (Purchase.) 

Red Book. А text book on U. S. gypsum pro- 
ducts for architects, contractors, plasterers 
and U. S. С. dealers. 1914. Chicago, 1914. 
(Gift of Т). S. Gypsum Company.) 

Taschenbuch der Luftflotten. 2 Jahrgang 1915. 
Manchen, 1915. (Purchase.) | 

United States Cast Iron Pipe and Foundry Com- 
pany. Catalogue, 1914. Burlington, N. J. 

. 1914. (Gift of Company.) 

Use of Water in Irrigation. By Samuel Fortier. 
New York, 1915. (Purchase.) 

Utilization of Waste Products. Ed. 2. By 
Theodorr Koller. London, 1915. (Purchase.) 

World Almanac and Encyclopedia, 1915. New 
York, 1915. (Purchase.) 

Zeitschrift für Physikalische Chemie. Band. 
83 86. Leipzig, 1913-14. (Purchase.) 

Das Zelluloid und seine Ersatzstoffe. By S. 
Feitler. Wein, 1912. (Purchase.) 


GIFT ок WM. J. HAMMER 


An Epitome of the work of the Aeronautic 
Society, from July 1908-Dec. 1909. (Bulle- 
tin No. 1.) 

Aeronautic Society. Constitution & By-Laws. 

Program of lst Annual Banquet of Aeronautical 
Society. Apr. 27, 1911. 

Official Program of Exhibition and Tournament, 
Morris Park, Nov. 3, 1908, June 26, 1909. 

Announcement of Jamestown Aeronautical Con- 
gress, Oct. 28, 20, 1907, Norfolk, Va. 


Pamphlets and periodicals containing articles 
written by Wm. J. Hammer (14). 
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OFFICERS AND BOARD ОЕ DIRECTORS, 1914-1916 


PRESIDENT. 


(Term expires July 31, 1915.) 
PAUL M. LINCOLN. 


°JUNIOR PAST-PRESIDENTS. 


(Term expires July 31, 1915.) 
RALPH D. MERSHON. 


(Term expires July 31, 1916.) 
C. O. MAILLOUX. 


VICE-PRESIDENTS. 

(Term expires July 31, 1915.) (Term expires July 31, 1916.) 

J. A. LIGHTHIPE. F. S. HUNTING. 

H. H. BARNES, JR. N. W. STORER. 

C. E. SCRIBNER. FARLEY OSGOOD. 

MANAGERS. 
(Term expires July 31, 1915.) (Term expires July 31, 1916.) (Term expires July 81, 1017.) 
COMFORT A. ADAMS. H. A. LARDNER. FREDERICK BEDELL. 
J. FRANKLIN STEVENS. B. A. BEHREND. BANCROFT GHERARDI. 
WILLIAM B. JACKSON. PETER JUNKERSFELD. A. S. McALLISTER. 
WILLIAM McCLELLAN. L. Т. ROBINSON. JOHN H. FINNEY. 
TREASURER. (Term expires July 31, 1915.) SECRETARY. 


GEORGE A. HAMILTON. 


HONORARY SECRETARY. 
RALPH W. POPE, 


F. L. HUTCHINSON. 


LIBRARIAN. 
W. P. CUTTER, 


GENERAL COUNSEL. 
PARKER and AARON, 
52 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


*NORVIN GREEN, 1884-5-6. 
*PRANKLIN L. POPE, 1886-7. 

T. COMMERFORD MARTIN, 1887-8. 
EDWARD WESTON, 1888-9. 

BLIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-6-7. 

PRANCIS BACON CROCKER, 1897-8. 
A. B. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

*Deceased. 


CHARLES P. STEINMETZ, 1901-2. 
CHARLES Р. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY G. STOTT, 1907-8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON, 1912-18. 

C. O. MAILLOUX, 1913-14. 
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STANDING COMMITTEES 


Revised to April 1, 1915 


EXECUTIVE COMMITTEE. 
P. M. Lincoln, Chairman, 


W.E. and M. Company: East Pittsburgh, Pa 


C. A. Adams, . Hamilton, 
H. H. Barnes, Jf William McClellan, 
B. A. Behrend, N. W. Storer. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1320 Chestnut St., Philadelphia, Pa. 
H. H. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, 
1984 Schermerhorn St., Brooklyn, М. Y. 
Harold Pender, 


B. Gherardi, 
W. I. Slichter. 


L. Hutchinson. 
Ken os AND PAPERS COMMITTEE. 
Robinson, Chairman, 


боро! Electric Companys ве Schenectady. М.Ү. 


Е 
L. 
L. We Chubb, 
Б, 24 Creighton, B. po ыды; 
F. Ganz, С. Е. Scribner, 
Dugald C. Jackson, Clayton H. Sharp, 


Шат В. Jackson, Charles Р. Steinmetz, 
V. Karapetoff, H. G. Stott, 
S. M. Kintner, Wilfred Sykes, 
C. S. McDowell, P. H. Thomas, 
H. H. Norris, J. B. Whitehead. 


EDITING COMMITTEE. 
H. H. Norris, Chairman, 
239 West 39th St., New York. 
M. G. Lloyd, W. S. Rugg. 
А. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman, 
165 Broadway, New York. 
Philander Betts, A. S. McAllister, 
Henry Floy, John B. Taylor. 


SECTIONS СОММІТТЕЕ. 


H. A. Hornor, Chairman, 
. Hamilton Court, 39th and Chestnut Streets! 


Philadelphia, Pa. 
Frederick Bedell, W. А. Hall, 
Н. W. Flashman. 


F. D. Nims, 
and the chairmen of all Institute Sections. 


harles F. Scott, 
STANDARDS COMMITTER. 


A. E. Kennelly, Chairman, 

Harvard University, Cambridge, Mass. 
C. A. Adams, Secretary, 

Harvard University, Cambridge, Mass. 


jme Burke, W. H. Powell, 

. A. Del Mar, Charles Robbins, 
H. W. Fisher, L. T. қалады 
Н. M. Hobart, E. B. Rosa, 

F. B. Jewett, C. E. Skinner, 
P. Junkersfeld, . J. M. Smith, 

G. L. Knight, . G. Stott, 

W. L. Merrill, P. H. Thomas. 


and the Chairman of the Code Committee. 


CODE COMMITTERE. 


Farley Osgood, Chairman, 
703 Broad Street, Newark, N. J. 
W. А. Del Mar, H. N. Muller, 


HE C. Forsyth, H. R. Sargent. 
Gear, A. M. Schoen, 

O. Lacount, George F. Sever, 
ос ае В. Miller, С. В. Skinner, 


LAW COMMITTEE. 


G. H. Stockbridge, Chairman, 
165 Broadway, New York. 
Charles L. Clarke, Paul Spencer, 
С. Е. Scribner, Charles А. Terry. 


SPECIAL COMMITTEES 


Revised to April 1, 1915 


POWER STATIONS COMMITTEE. 


H. G. Stott, Chairman, 

600 West 59th Street, New York. 
W. S. Gorsuch, C. S. MacCalla, 
J. H. Hanna, R. J. S. Pigott, 
C. A. Hobein, E. F. Scattergood, 
А. S. Loizeaux, Paul Spencer, 


C. F. Uebelacker. 
TRANSMISSION COMMITTEE. 


P. H. Thomas, Chairman, 

2 Rector St., New York. 
E. J. Berg. V. D: Moody, 
P. M. Downing. F. D. Nims, 
A. R. Fairchild, F. W. Peek, Jr., 
Е.А. Gaby. Harold Pender, 
L. E. Imlay, K. C. Randall, 
L. R. Lee, С. S. Ruffner, 
G. H. Lukes, F. D. Sampson, 
Ralph D. Mershon, Р. W. Sothman, 
W. МЕ Mitchell, C. E. Waddell, 

J. E. Woodbridge. 
RAILWAY COMMITTEE. 

D. C. Jackson, Chairman, 

248 Boylston Street, Boston, Mass. 
A. H. Armstrong, E. B. Katte, 
A. H. Babcock, Paul Lebenbaum, 
E. J. Blair, W. S. Murray, 
H. M. Brinckerhoff, Clarence Renshaw, 
E. P. Burch, А. S. Richey, 
H. M. Hobart, F. J. Sprague. 

N. W. Storer. 


PROTECTIVE APPARATUS COMMITTEE. 


Е. Е. Р. Creighton, Chairman, 
Union University, Schenectady, N. Y. 


Н.Н. Dewey, T. Lawson. 
Louis Elliott, ‚ В. Merriam, 
Victor Н. Greisser, L.C. Nicholson, . |... 
Ford W. Harris, E. P. Peck, 
S. Q. Hayes, . N.L. Pollard, 
. Rred L. Hunt O. O. Бага 
L. E. Imlay, D. W. Кор 
R. P. Jackson, Charles PP Sitelsimeta: 


H. R. Woodrow, 


ELECTRIC LIGHTING СОММІТТЕЕ. 


Clayton H. Sharp, Chairman, 
550 East 80th St., New York. 


d W. Cowles, T. S. Perkins, 
P. Hyde, S. G. Rhodes, 
P. Junkersfeld, E. B. Rosa, 

A. S. Loizeaux, G. H. Stickney, 

H. W. Peck, C. W. Stone. 


INDUSTRIAL POWER COMMITTEE. 
D. B. Rushmore, Chairman, 
General Electric Company. вс Schenectady, N. Y. 
A. C. Eastwood, Allister, 


Walter A. Hall, „Р. Mailen 
` J. M. Hipple, . H. Martindale, 
ones, W. L. Merrill, 
C. D. Knight, J. A. Osborn, | 
J. C. Lincoln, А. G. Pierce, , 
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TELEGRAPHY AND TELEPHONY 
COMMITTEE. 


C. E. Scribner, Chairman, 
‚ 403 West Street, New York. 


Minor M. Davis, Кеш ster В. Miller, 
L. Fortescue, ouradian, 
H. M. Friendly, W. O. Pennell, 
Н. Griswold, F. L. Rhodes, 
Р. В. Jewett, ohn В. Taylor, 
6. М. Kintner, . L. Wayne, 
William Maver, Jr., . M. Yorke. 


COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 


Wilfred Sykes, Chairman, 
Box 242, East lb ys Pa. 


F. E. Alexander, H. Gerry, Jr., 
C. W. Beers, Charles Legrand, 
W. W. Briggs. K. A. Pauly, 
Graham Bright, 


G. B. Rosenblatt, 
Viall. 


COMMITTEE ON USE 
OF ELECTRICITY IN MARINE WORK. 


С. 8. McDowell, Chairman, 
Na Yard, New York. 


Maxwell W. Day, O. P. Loomis, 
W. L. R. Emmet, D. M. Mahood, 
Р. С. Hanker, G. А. Pierce, Jr., 
H. L. Hibbard, H. M. Southgate, 
Guy Hill, Elmer A. A 
H. A. Hornor, P. W. Wood. 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman 
2635 South 2nd Street, Steelton, Pa. 


F. B. Crosby, T. Henderson, 
A. C. Dinkey, F. Hodgkinson, 
Gano Dunn, B. G. Lamme, 

A. C. Eastwood. K. A. Pauly. 

Р. G. е, J. L. Woodbridge. 


ELECTROCHEMICAL СОММІТТЕЕ. 


A. P. Ganz, Chairman, 
Stevens Institute, pee N. J. 


Lawrence Addicks, Pric 
C. F. Burgess, С. G. Schluederberg. 
Carl Hering, L. L. Summers, 

W. R. Whitney. 


ELECTROPHYSICS COMMITTEE. 
J. B. Whitehead, Chairman, 


Johns Hopkins e is E пише Md. 
i 


Frederick Bedell, chols, 
H. L. Blackwell, E. B. Rosa, 

L. W. Chubb, Н. J. Ryan, 

W. S. Franklin, H. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 


William B. Jackson, Chairman, 
111 W. Montos E Chicago, Ill. 


. Philander Bet . Norton, 
William H. Blood, Jr., . Pillsbury, 
Fred A. Bryan, ге. ресоре, 

C. L. W. G. Vincent, 
Henry Ploy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


V. Karapetoff, Chairman, 
Cornell University, Ithaca, N. Y, 


E. A.S 
BR. 31 СЕ, amu 
А arles ott 
Q. A. H P. В. Woodworth. 
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PUBLIC POLICY СОММІТТЕЕ. 


Cavert Townley, Chairman, 
165 Broadway, New York. 
William McClellan, Noe Chanpaa; 
141 Broadway, New York. 


H. W. Buck, H. A. Lardner, 
Fredk. Darlington, E. W. Rice, Jr., 
Gano Dunn, L. B. Stillwell, 
John H. Finney, H. Q. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman, 

80 Maiden Lane, New York. 
Bion J. Arnold, E. S. Northrup. 
C. S. Bradley, О. S. Schairer, 
Val. A. Fynn, C. E. Scribner, 
John F. Kelly, F. J. Sprague, 

C. A. Terry, 


MEMBERSHIP COMMITTEE. 


H. D. James, Chairman, 
W. E. and M. Company, East Pittsburgh, Pa. 
Markham Cheever, A. G. Jones, 


E. L. Doty S. C. Lindsay, 
Walter А. Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 

H. A. Hornor, W. S. Turner, 


P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTERE. 


T. C. Martin, Chairman, 

29 West 30th Street, New York. 
John J. ius É E. W. Rice, Jr.. 
Charles L. Clarke, Charles F. Scott, 
Louis Duncan, Frank J. Sprague. 


0. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 


C. O. Mailloux, President, 
20 Nassau Street, New York. 
F. B. Crocker, Vice-President, 
14 West 45th Street, New York. 
A. E. ози Secretary, 
n 


Harvard iversity, Cambridge, Mass. 

C. A. Adams, E. B. Rosa, 

B. A. Behrend, C. F. Scott, 

Louis Bell, Clayton H. Sharp, 
ames Burke, Samuel Sheldon, 

. J. Carty, C. E. Skinner, 

Gano Dunn, Charles P. Steinmetz, 
H. M. Hobart, H. G. Stott, 
John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OF CON- 
SULTING ENGINEERS. 


L. B. Stillwell, Chairman, 

100 Broadway, New York. 
H. W. Buck, F. R. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George F. Sever, Chairman, 
13 Park Row, New York. 
H. W. Buck, ohn F. Kelly, 
Gano Dunn, huyler Skaate Wheeler 
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NEW YORK RECEPTION COMMITTEE. 


Frederick C. Bates, Chairman, 
30 Church Street, New York. 
B Angus K. Miller, 


Edward Caldwell, Muschenheim, 

N. A. Carle, Farley Osgood, 

W. G. Carlton, H. A. Pratt, 

W. A. Del Mar, W. S. Rugg, 

А. F. Ganz, George F. Sever, 

Bancroft Gherardi, Frank W. Smith, 

E. W. Goldschmidt, P. W. Sothman, 

C. А. Greenidge, S. D. Sprong. 

А.Н. Lawton, H. G. Stott, 

{һа W. Lieb, H. M. Van Gelder, 
. В. Livingston, . M. Wakeman, 

W. E. McCoy, alter F. Wells. 

William Maver, Jr., Clifton W. Wilder. 


EDISON MEDAL COMMITTEE. 
Appointed by President for terms of five years. 


Term expires July 31, 1919. 
Charlies F. Brush William Stanley, 


W. Storer. 
Term expires July 81, 1918. 
H. W. Buck, F. А. Scheffler. 


J. Franklin Stevens, 
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Term expires July 31, 1917. 
A. E. Kennelly, Robert Т. Lozier. 


Term expires July 31, 1916. 


Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 
Ampere, N. J. 


Term expires July 31, 1915. 
J. W. Lieb, E. L. Nichols. 
Elihu Thomson, 


Elected by the Board of Directors from sts own 
membership for terms of two years. 


Term expires July 31, 1916. 
C. O. Mailloux, L. T. Robinson. 
C. E. Scribner, 
Term expires July 31, 1915. 


H. H. Barnes, Jr., А. S. McAllister. | 
- William McClellan, 


Ex-Officio. 


P. M. Lincoln, President. i 
George A. Hamilton, Treasurer. 
. L. Hutchinson, Secretary. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL 


Gano Dunn, C. O. Mailloux, 
Ralph D. Mershon, Paul M. Lincoln. 


ON BOARD OF TRUSTEES, UNITED EN- 
GINEERING SOCIETY. 
C. Е. Scribner, H. H. Barnes, Jr.. 
Gano Dunn. 
ON LIBRARY BOARD OF UNITED EN- 
GINEERING SOCIETY. 


Samuel Sheldon, Harold Pender, 
B. Gherardi, W. I. Slichter, 
‚Р. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute’s Code Committee, 
ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON ADVISORY BOARD, NATIONAL CON- 
SERVATION CONGRESS. 


Calvert Townley. 


ON COUNCIL OF AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE. 


W. S. Franklin, G. W. Pierce. 


ON CONFERENCE COMMITTEE OF NA- 
TIONAL ENGINEERING SOCIETIES. 


Calvert Townley, William McClellan. 
ON JOINT COMMITTEE ON ENGINEERING 
EDUCATION. 


Charles Р. Scott, Samuel Sheldon. 


ON AMERICAN ELECTRIC RAILWAY AS- 
SOCIATION'S COMMITTEE ON JOINT USE 
OP POLES. 


Farley Osgood, F. B. H. Paine, 
Percy H. Thomas. 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 


Р. B. Н. Paine, 
ercy H. Thomas. 


Farley Osgood, 
ON JOINT NATIONAL COMMITTEB ON 
ELECTROLYSIS. 


Bion J. Arnold, Р. N. Waterman, 
Paul Winsor. 


ON BOARD OF MANAGERS, PANAMA- 
PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1916. 


. T. Whittlesey. 


A. M. H y 
ecretary of the Institute. 


unt, 
And the President and 


ON JOINT COMMITTEE ON LEGISLATION 
RELATIVE TO REGISTERING ENGINBERS. 
William McClellan, S. D. Sprong. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, М. 10, Via S. Radegonda, Milan, 


у. 
Robert Julian Scott, Christchurch, New Zealand 
T. P. Strickland, N.S.W. Government Railwa 
Sydney, N. 8. 
L. A. Herdt, McGill Univ., Montreal Que. 
Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, Содан ты. 5 Schoeneberg, | 


Berlin, Germany. 
A. S. Garfield, 67 Avenue de Malakoff, Paris, 


Hary Parker Gibbs, Tata Hydroelectric Power 
upply Co. Ltd., Bombay, India. 


ON U. S. NATIONAL COMMITTEE OF THB 
INTERNATIONAL ILLUMINATION COM- 
MISSION. 


А. В. Kennelly, С. ‚ Mailious, 
"clayton H. Ма 
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LIST OF SECTIONS 


Chairman 


A. M. Schoen 


Atianta............... Jan. 19, '04 
Baltimore............. Dec. 16, 04 | J. B. Whitehead 
eS OP IS Feb. 13, 03 | G. W. Palmer, Jr. 
Chicago...................... 1893 | E. W. Allen. 
Clev eland E avere NOB wee Sept. 27, 07 | Howard Dingle 
Detroit-Ann Arbor...... Jan. 13,111 | Н.Н. Norton 
Fort Wayne........... Aug. 14, 08 | L. D. Nordstrum 
Indianapolis-Lafayette .Jan. 12, 12 | J. L. Wayne, 3rd. 
Ithaca................ Oct. 15, 02 | E. L. Nichols 
Los Angeles........... May 19, 08 | С. G. Pyle 
сақа ылады Ша Aug. 22.'11 | W. H. Pratt 
adison.............. Jan. 8, 9 | J. W. Shuster 
Мекісо............... Dec. 13, "07 
Milwaukee............ Feb. 11,°10 | L. L. Tatum 
Minnesota............ Apr. 7. 02 | Leo H. Cooper 
Rhod EA tS A Oct. 10, '13 | Hartley Rowe 
Philadelphia........... Feb. 18, "03 Sanville 
Pittsburgh............ Oct 13, 02 | J. W. Welsh 
Pittefield.............. Mar. 25, '04 | W. W. Lewis 
Portland, Ore.......... May 18, 09 | R. F. Monges 
Rochester .Oct. 9,714 Тона С. РагКег 
‚ Louis............. Тап. 14, '03 . М. Clarkson 
San Francisco.......... Dec. 23, "04 Í C. J. Wilson 
Schenectady........... Jan. 26, "03 | H. M. Hobart 
Seattle................ Jan. 19, 404 | S. C. Lindsay 
Spokane.............. Feb. 14, '13 | J. W. Hun d 
Toledo................ June 3, 07 | George E. 
Toronto............... Sept. 30, '03 | D. H. McDougall 
Urbana............ ...Моу. 25, '02 | I. W. Fisk 
Vancouver............ Aug. 22, '11 | E. P. LaBelle 
Washington, D. C...... Apr. 9, 03 | C. B. Mirick 
Total 31 


Revised to April 1, 1915. 


Secretary. 


H. M. Keys, Southern Bell Tel. & Tel. Co., 
Atlanta, Ga. 
L. M. Potts, Industrial Building, Balti- 
more, Md. 
Ira M. Cushing, 84 State St., Boston, Mass. 
W.J. Norton, 112 W.Adams St..Chicago, IM. 
R. E. Scovel, 1663 East 86th Street, Cleve- 
land, Ohio. 
Ray K. Holland, Cornwell Building, Ana 
Arbor. Mich. 
J. A. Snook, 927 Organ Avenue, Ft. 
Jayne, Indiana. 
Walter A. Black, 3042 Graceland Ave., In- 
woe eon Ind. 
W. G. Catlin, Cornell Univ., Ithaca, М. Y. 
Edward Woodbury. Pacific Lt. & Pr. Com- 
any, Los Angeles, Cal. 
.Hall, General Electric Co., Lynn, Mass. 
F. Á. Kartak, Univ. of Wisconsin. Madison 
is. 


W. J. Richards, National Brake and Elec- 
tric Co., Milwaukee, Wis 

Emil Anderson, 1236 Plymouth Bldg., 
Minneapolis, Minn 

Clayton J. Embree, Balboa Heights, C. Z. 

James, 1115 North American Bldg., 

Philadelphia, Pa. 

Charles К. Riker, Electric Journal, Pitts- 
burgh, Pa. 

M. E. Tressler, епегы Electric Company, 
Pittsfield, Mas 

Paul | ebenbaun: 45 Union Depot, Port- 
land, Ore. 

O. W. Bodler, Pittsford, М. Y. 

W. О. Pennell, Southwestern Bell Tel. 
System, St. Louis, Mo. 
Q. Jones, 811 Rialto Building, San Fran 
cisco, Cal. 


S. M. Стеве. Gen. Elec. Со. Schenectady, 


М.Ү. 

E. A. Loew, University of Washington, 
Seattle, Wash. 

L. N. Rice, Spokane and Inland Empire R. 
R. Co, Spokane, Wash. 

Max Neuber, Cohen, Friedlander & Mar- 
tin, Toledo, O. 

Не Case, Continental Life Bldg.. Toronto. 


x S. Biegler. рае. of Illinois, Urbana, Ill. 
C. Auty, B. C. Electric Railway Co., 
PT E Vancouver, B. C. 
C. A. Peterson, 1223 Vermont Ave., N. W. 
Washington. D.C 


LIST OF BRANCHES 


tural and Mech. 

College of Texas..... Nov. 12, '09 
Alabama, Univ. of......Dec. 11, '14 
Arkansas, Univ. of..... Mar. 25, "04 
Armour Institute data ims Feb. 26, "04 
Bucknell University y 17, 10 
California Univ. of... .. Feb. 9, '12 
Cincinnati, Univ. of..... Apr. 10, '08 
таза Agricultural Col- ; 

lege................ ov. 8,'12 
Colorado State иси. 

tural College... .Feb. 11, '10 


Chairman 


J. F. Nash 

W. M. Johnston 
D. C. Hopper 
W. L. Burroughs 
R. K. Hoke 

L. R. Chilcote 
P. Oberschmidt 


W. E. Blake 
G. M. Strecker 


Secretary. 


A. Dickie, A. % M. College, College Sta- 
tion, Texas. 


L. M. Smith, 
7. Beal Un Ala. 
Bell, Univ. of Arkansas, Fayetteville; 


T 

Chester Р. Wright, 3341 Michigan Boule» 
vard, Chica o, Ill. 

George А. rland, Bucknell University, 
Lewisbite: "Pa. 

E. S. Meddaugh. 2521 Channing Way, 
Berkeley, C 

A. C. Perry, 707 East McMillan Street, 
Cincinnati, O 


F. L. Bunker, Clemson College, S. C. 


E. O. Marks, Colorado State Agricul- 
tural College, Fort Collins, Colo. 
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LIST OF BRANCHES —Continued. 


Name and when Organized. 


Total 82. 


Colorado, Univ. of...... Dec. 10, 
Georgia School of Tech- 
nology.............. une 25, 
Highland Park College..Oct. 11, 
Idaho, University of... . June 25, 
Iowa State College...... Apr. 15, 
Iowa, Univ. of.......... May 18, 
Kansas State Agr. Col.,..Jan. 10, 
Kansas, Univ. of....... Mar. 18, 
Kentucky State, Univ. ofOct. 14, 
Lafayette College.......Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute......... Nov. 8, 
Maine, Univ. of........ Dec. 26, 
Michigan, Univ. of...... Mar. 25, 
Missouri, Univ of.,......Jan. 10, 
Montana State Col.,. ... May 21, 
Nebraska, Univ. of..... Apr. 10, 
New Hampshire Col.....Feb. 19, 
North Carolina Col. of Agr. a 
North Carolina, Univ. of Oct. " 
Ohio Northern Univ... Feb. 9, 
Ohio State Univ.,....... Dec. 20, 
Oklahoma Agricultural and 
Mech. Col........... Oct. 13, 
Oklahoma, Univ. of.....Oct. 11, 
Oregon, Agr. Col.,... ... Mar. 24, 
Marcus Rr m 
Rensselaer Poly. Inst... Nov. 12 
Rose Polytechnic Inst.,Nov. 10, 
Rhode Island State Col. Mar. 14. 
Syracuse Uni PE p 
Texas, Univ. of.,........Feb. 14, 
Throop College of Tech- 
nology.............. ct. 14, 
укан Polytechnic атт à 
virginia, Univ. of.. . Feb. $ 
Wash. State Col. of....Dec. 13, 
Washington Univ...... .Feb. 6, 
Washington, Univ. of.,..Dec. 13, 
West Virginia Univ...... Nov. 13, 
Worcester Poly. Inst.,... Mar. 25, 
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THE FLOW OF ENERGY 


BY ROBERT A. PHILIP 


ABSTRACT OF PAPER 


А new graphical method of representing the flow of energy 
is described and pictures are drawn showing the functions of 
generators, motors, transformers, transmission lines and other 
parts of an electric distributing system in terms of the flow of 
energy through them. 

The method is based on using two ribbons; one to represent 
the flow of energy proper, and the other (not used for direct 
currents) representing the magnetizing power. Itisshown that 
various phenomena of alternating-current transmission are 
determined by the widths and directions of the two ribbons. 

The principal elements of the picture (generators, synchron- 
ous motors, induction motors, etc.) are taken up one by one and 
ШІ simple combinations, each case being illustrated by typical 

gures. 


HE flow of a material fluid, such as water or air, through 
the pipes which transmit it may be shown as a ribbon whose 
varying width represents the variations of the current. 

A similar picture may be drawn of the transmission of power. 

It is, however, more exact to consider that it is energy rather 
than power which is being transmitted because power means 
а flow of energy. The relation between power and energy 15 
similar to that between a current of water and the water itself. 
That is, power is a name for a current of energy. 

Energy like matter can be transported or changed in form 
but can be neither created nor destroyed. Therefore in the 
distribution of energy as in the distribution of a material fluid 
the total quantity supplied to the distributing system, plus or 
minus storage in the system itself, must at every instant equal 
the quantity delivered, including leakage. This fundamental 
similarity allows a distribution of energy to be pictured as though 
it was a distribution of matter. 

Fig. 1 is a picture, on this basis, of the flow of energy into, 
through and out of a rotating shaft. Along the route of the 
shaft a ribbon is drawn, the width of the ribbon at each point 
being proportional to the flow of energy, that is the power, at 
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that point. Evidently, if there is no storage in the shaft the 
width of the ribbon can only increase at points where energy 
flows in and only decrease where it flows out and a change in 
width of the ribbon representing the main stream of energy 
must be exactly equal to the width of a branch at that point. 
The flow of energy may be measured in any convenient unit, 
hors epower, foot-pounds per second or kilowatts, and the width 
of the ribbon may be drawn to any desired scale. At each point 
the flow has two elements, amount and direction, the former being 
represented by the width of the ribbon and the latter indicated 
by arrows marked on the ribbon. 

This first illustration is based on the transmission of energy 
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Fic. 1—FLow ОЕ ENERGY THROUGH А SHAFT 


through a rotating shaft where the energy comes in and goes 
out over moving belts and 15 lost in bearing friction. А similar 
illustration may be used for the hydraulic and pneumatic trans- 
mission of energy by currents of water and of air and for the 
electric transmission by electric current. 

The picture drawn is a general on2 and may be used to repre- 
sent the transmission of any kind of energy in any manner. 

Energy may be transmitted in one form, transformed and 
transmitted further in another form and the several trans- 
missions may be grouped together to form a single picture. 

Fig. 2 shows energy transmitted thermally from a steam 
boiler through a steam pipe to an engine thence mechanically 
through a belt to a dynamo and finally electrically to a тосот. 
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The diminution of the stream of energy is indicated as due 
to separate thermal and mechanical losses of transformation in 
the engine, mechanical losses in the belt, combined mechanical 
and electrical losses of transformation in the dynamo and 
electrical losses in the wires. 

The picture may be extended by tracing each branch forward 
or back to its furthest ascertainable end and it may be am- 
plified by analyzing the losses into more elementary streams 
and by tracing the flow in greater detail; showing, say, the 
flow of energy through the reciprocating parts of the engine 
on its way from the steam pipe to the belt. 


SCALES 


| | Коюн" if Horse-Power 


Mechenica/ $— 522.22 HP 
/ Horse-Power «424 &.T.U per min. 


Thermal 4-25” BTU. per min. 


Electrics] Units 834 139 126 120 /ю 100 к/юша/% 
Ретел | wechanical (тіз IO — 185 168 160 HMorse-Power 
имз 4700 7800 ATU per тп. 


| Қ ] қ 
n | | ERE. | | Я 


| 
va Generator "e а 


Fic. 2—THERMAL, MECHANICAL AND ELECTRICAL TRANSMISSION 


While this is a general method of picturing the transmission 
of power it is especially useful in illustrating the meaning of 
terms used in electrical power transmission by alternating 
currents, such as wattless current, synchronous condenser and 
induction generator, therefore the electrical use of the method 
will be chosen for amplification although it will be indicated 
that the same things may be found in mechanical transmission. 


THE DinECT-CURRENT GENERATOR AND MOTOR 


In Fig. 3 the varying widths and directions of the ribbon of 
energy flow show the operating characteristics of generators and 
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motors. The width of the outgoing energy stream is of course 
exactly proportional to the load, bui is electrical power from a 
generator and mechan;cal power from a motor. The width 
of the loss stream is a maximum at full load and decreases slightly 
down to a minimum at no load, Тһе input stream is exactly 
equal to the output stream plus the loss stream; that is, the losses 
are necessarily drawn from the inflow, so are supplied mechani- 
cally for a generator and electrically for a motor. The main 
current of energy tapers down as it passes through the machine. 
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The efficiency is equal to the outflow divided by the inflow. 
The illustration shows clearly one important point; the efficiency 
increases from no load to full load not because of a decrease in 
losses but in spite of an increase in losses. 

The series of pictures may be considered as a moving picture 
film of the operation of a direct-current generator. It is first 
running in multiple with other sources of electric power and 
carrying full load. The operator turns the rheostat handle in- 
creasing the resistance of the field circuit and the outflow drops 
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perhaps to half load; he turns the handle further and the outflow 
drops to zero, the reduced load on the engine being indicated 
by showing the engine as proportionally smaller. If the operator 
continues to turn in resistance the flow of electric power reverses. 
There is here a narrow transition stage where the losses, which 
are now at a minimum, are supplied both mechanically and elec- 
trically. When further resistance is turned in, the mechanical | 
power also reverses and operation as a motor follows at no-load, 
fractional load, full load and overload in successive steps. 

The series illustrates the mcaning of the terms generator and 
motor. They describe not the construction of an electric ma- 
chine but the two ways of using it. The electric machine 1s 
reversible in function. It is a generator only so long as the 
outflowing energy is electrical and a motor so long as it is me- 
chanical. When it is known whether a machine is operating as 
a generator or as a motor two elements of the ribbon picture have 
been determined. First, which way the arrows of flow should 
point and second, as а consequence of this, which way the main 
flow tapers off. 

TRANSMITTING MEDIUM 

While a current of energy may be transmitted by using a 
current of water or a current of electricity the energy itself is 
neither water nor electrictiy. The water or electricity is but 
a medium of transmission. Similarly the motion which consti- 
tues the flow of the water or other mediums is not the motion 
which constitutes the flow of energy. The medium may be, 
and often is, used over and over again. Тһе moving belt 
goes forward on the slack side and returns to the driving pulley 
on the tight side; the water goes out in the pressure pipe, leaves 
the engine through the exhaust pipe and may return to the 
pump through the suction pipe; the electricity goes out on the 
positive wire and returns to the generator on the negative wire. 
just as much belt, water or electricity comes back as goes out 
but the transmitted energy moves forward only. In fact the 
direction in which the belt, water or clectricity moves can be 
reversed without reversing the direction in which energy is 
transmitted, or vice versa. 

Therefore if energy is transmitted by a flow of water or of 
electricity a picture of the flow of energy will not be at all iden- 
tical with a picture of the flow of the transmitting medium even 
though the same principles may be used in representing each 
kind of flow. 
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It will be understood that a representation of a flow of elec- 
trical energy is not at all a representation of a flow of electricity. 

That the motion of energy and the motion of the transmitting 
medium are practically independent is also shown by the fact 
that shafts, belts, water and electricity may be in active motion 
and yet transmit no power and that the same mediums may trans- 
mit more power at times when they move slowly than when they 
move rapidly. 

This is because the mediums transmit no power unless they 
move under pressure or tension. Power, whether mechanical 
or electrical, is considered as consisting of two equally important 
components, one of motion and one of pressure. The amount 
of power is the product of the two components. For hydraulic 
transmission the power in foot pounds per second 15 the product 
of the flow in cubic feet of water per second by the pressure in 
pounds per square foot and similarly, for electric transmission, 
the power in watts is the product of the current of electricity 
in amperes by the electrical pressure (potential) in volts. 


ALTERNATING CURRENTS 


Where power is transmitted mechanically by shafts, belts or 
fluids, or electrically by direct currents, the motion and pressure 
each has its own fixed direction. However, power is also trans- 
mitted both mechanically and electrically by motions and pres- 
sures which alternate in direction periodically. The pistons, 
piston rods, connecting rods and other reciprocating parts of 
a steam engine transmit mechanical power in virtue of their 
motion although this motion alternates in direction instead of 
being uniformly forward. In these cases it is important co note 
that the pressure as well as the motion also alternates. Тһе 
pressure is on one side of the piston on the forward stroke and 
on the other side on the backward stroke. 

Energy is the product of motion and pressure, therefore, if 
motion and pressure both reverse the flow of energy is not 
reversed, on the principle that the product of two negatives makes 
a positive. Тһе reversal of the motion of the reciprocating parts 
of a steam engine does not reverse the motion of the energy which 
flows forward from steam pipe to shaft during the backward as 
well as forward stroke. 

With uniform motion or flow the amount of energy trans- 
mitted is equal to the product of the motion by the pressure. 
The same formula holds for reciprocating motion and alternating 
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flow provided it is understood that by motion and pressure is 
meant mean motion and mean pressure. The mean is found 
by squaring the instantaneous values of the quantities averaging 
these squares over a complete cycle and extracting the square 
root. 

The transmission of power by electric current which alternates 
in the direction follows the same principle as the transmission by 
reciprocating mechanical motion, namely the reversal of the 
direction of the electric current does not reverse the flow of 
energy because the pressure is simultaneously reversed. An 
alternating current of electricity, or of water for that matter, 
will transmit just the same amount of power as a direct current 
of the same mean magnitude, at the same mean pressure, pro- 
vided however, that the current and potential reverse at exactly 
the same time. 

When the motion and pressure reverse simultaneously they are 
said to be in phase. Alternating motions or currents when in 
phase with their corresponding alternating pressures are practi- 
cally equivalent to uniform motions or direct currents for the 
transmission of power. 

Under these conditions the ribbon picture of power may be 
used for alternating current transmission. However, it is to 
be remembered that the flow represented is not the instantaneous 
flow, which fluctuates, but the mean flow over one or more com- 
plete cycles. | 

| ACCELERATING POWER 

It may happen that while the motion and pressure are both 
reciprocating or alternating, and at the same rate, they fail to 
reverse simultaneously. 

The difference in time of reversal may be very small but it can- 
not be greater than a quarter of a cycle. When motion and 
pressure reverse a quarter of a cycle apart any further change 
in either direction brings the times of reversal closer together. 
For example, two cranks on the same shaft have their respective 
dead points as far apart as possible when set, like the cranks of 
a locomotive, a quarter of a revolution apart. Motion and 
pressure are then said to be in quadrature and each reverses 
when the other is at a maximum. 

Under these conditions motion and pressure instead of being 
positive and negative simultaneously thereby always giving 
а positive product are of the same sign but half the time so 
that their product is half the time positive and half negative. 
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This change in sign of the product, that is of the power, indicates 
a reversal of its direction of flow. Where motion and pressure 
‚ are in quadrature the energy flows forward and backward instead 
of moving uniformly forward. The average of the forward 
and backward flow is zero so that such an alternating flow of 
energy does not constitute a transmission of power in the or- 
dinary sense. 

The phenomena of motion and pressure іп quardrature occurs 
wherever a mass moves with a reciprocating motion. The motion 
is that of the mass and the pressure that required to accelerate it. 
The power corresponding to their joint effect may be called 
accelerating power. 

The power transmitted by reciprocating motion is сала! to 
the product of the mean velocity and mean pressure when motion 
and pressure are in phase. The rule may be extended to apply 
to accelerating power. | 

The product of the mean velocity by the mean pressure, where 
motion and pressure are in quadrature, is an amount of power 
equal to the maximum value which the accelerating power at- 
tains during a cycle. The momentary flow at all times is pro- 
portional to this maximum. Ав the flow alternates in direction, 
giving an average value over the cycle of zero, it is convenient 
to use the maximum value as a measure of the flow where con- 
sidering it in connection with the associated flow of energy over 
one or more complete cycles. 

For reciprocating motion, the product of mean velocity. by 
mean pressure is the transmitted power if the two quantities 
are in phase but is the accelerating power if they are in quad- 
rature. 

Accelerating power is evidently always necessary where re- 
ciprocating motion is maintained. On the whole the accelerating 
power neither adds to, nor substracts from, the true power 
transmitted. It may exist where there is no true power trans- 
mitted and for a given amount of true power the accelerating 
power тау be greater or less. Finally it may be said that ac- 
celerating power is a peculiar form of power fundamental to re- 
ciprocating motion and that it may be considered as transmitted 
independently of the true power and according to its own laws. 

The steam engine, containing reciprocating parts, furnishes 
an example of the transmission of accelerating power. 

Consider a steam engine with steam shut off and running due 
to the momentum of the flywheel. Aside from any effects of 


1915] PHILIP: THE FLOW OF ENERGY 463 


friction or of compression in the cylinder the reciprocating 
parts, the piston for example, must be accelerated from the rest 
to a maximum velocity, then retarded (accelerated negatively) 
and brought to rest again in each stroke. These accelerations 
require forces which must be transmitted to the piston from 
the flywheel through the intervening: parts such as the piston 
rod, as pressures (or tensions, which are negative pressures). 
The reciprocating parts are therefore transmitting accclerating 
pressures and at the same time are in active motion. However, 
it will be found that the motion of the rod reverses at the time 
when the pressure in it is a maximum and that the pressure 
reverses when the velocity is а maximum. That is, motion 
and pressure are in quadrature. 

The flywheel is giving out power and accelerating the piston 
during half the time and during the other half the process 15 
reversed. It may be said that the flywheel and the piston are 
interchanging accelerating power which alternates in direction. 

At the instant that the reciprocating parts are passing their 
dead point the flywheel has а maximum velocity which is the 
same as though it were running freely unconnected to the re- 
ciprocating parts. At all other times the velocity of the flywheel 
is more or less reduced. Consequently, if reciprocating parts are 
connected to a flywheel previously running freely the number of 
revolutions per minute will thereby be reduced. 

The flywheel contains a store of energy by virtue of its ve- 
locity. This reduction in the mean velocity results in a cor- 
responding reduction in the average energy stored in the flywheel, 
but on the other hand the reciprocating parts acquire an equal 
amount of average energy due to their mean velocity. 

From this point of view it may be said that the reciprocating 
parts have been energized at the expense of the flywheel which 
has been deenergized. The total stored energy of the system 
has not been changed but it has been redistributed. 

In a steam engine, whether a simple engine with a single 
cylinder and crank, or a compound engine with several cranks, the 
motion of all the reciprocating parts, pistons, piston rods, con- 
necting rods, valves, valve rods, and eccentric rods, is in propor- 
tion to a single angular velocity, the speed of revolution of the 
engine. The distribution of accelerating power in one engine 
may form a complex system, all however based on a single angular 
velocity. In this respect it is similar to an alternating-current 
distributing system, which however large, has a single frequency. 


464 PHILIP: THE FLOW ОЕ ENERGY [March 22 


Where the mean angular velocity is constant the energizing of 
the reciprocating parts and the deenergizing of the rotating parts 
15 directly proportional to the amount of accelerating power which 
flows. For example, if the weight of a reciprocating part is 
doubled, the energy it contains and the accelerating power it 
receives are both doubled while if the stroke is doubled the 
energy and accelerating power are each quadrupled. At con- 
stant angular velocity, the amount of accelerating power may 
be used as a measure of the transfer of energy, and it may be 
said that each reciprocating part takes a flow of accelerating 
power proportional to the amount to which it 1s energized while 
each rotating part is dc-energized in proportion to the flow of 
accelerating power which it gives out. 


PICTURES OF ACCELERATING POWER 


To make a picture of the flow of accelerating power a second 
ribbon may be drawn of width equal to the accelerating power, 
that 15 to the product of the mean force by the mean velocity. 
To distinguish between the two ribbons, that for energy trans- 
mission will be shaded longitudinally and that for accelerating 
power laterally. 

Accelerating power may be measured in the same units as 
other power, that is foot pounds per second, horse power, watts 
or kilowatts. 

Arrows have been placed on the energy flow ribbon to indicate 
that energy 15 continually passing a given point 1n one direction. 
With such a flow the total quantity of energy passed increases 
cumulatively with the time. Тһе flow of accelerating power 
alternates in direction so that arrows to represent the successive 
instantaneous flows would point equally in both directions. 
However, in picturing the transmission of power by reciprocating 
motion we are not attempting to show the instantancous values 
which fluctuate throughout the cvcle but only the effect over one 
or more complete cycles. 

While the accelerating power has no direction of flow it is 
associated with the transfer of energy from the rotating flywhcel 
to the reciprocating piston which is in a determinate direction. 
As the de-energizing of the flywheel and the energizing of the 
piston are each proportional in magnitude to the width of the 
stream of accelerating power it is a useful convention to mark 
on this ribbon arrows to indicate the direction of the transfer of 
energy. It is to be remembered that this transfer is a process 
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not cumulative with time, so that accelerating power of a con- 
stant amount may flow indefinitely from a flywheel without 
depleting its energy supply. The arrow on this ribbon represents 
a transfer of energy which occurs at the time when the flow 
from flywheel to piston first begins and which may be described 
as unstable. The transfer can only be maintained as long as 
the flow of accelerating power continues and in an amount pro- 
portional to the flow. Any increase or decrease of flow is ac- 
companied by a corresponding transfer of energy. 

It is further to be remembered that the direction of these ar- 
rows is determined by making the assumption that the rotating 
parts are the primary reservoirs of stored energy; therefore, 
that the flow of accelerating power (transfer of stored energy) 
is from the rotating parts to the reciprocating parts. This as- 
sumption is natural in the simple case used for illustration but is 
not essential. That is, the direction of the arrows results from 
a convention and could be reversed by adopting a different 
convention. It is of course desirable to adhere always to one 
convention though it is useful to know that the arrows on the 
ribbon of accelerating power represent but one of two possible 
views. The conclusions are of course the same whichever 
view is adopted, the language in which they are clothed being 
alone affected. 

Fig. 4 shows the distribution of accelerating power. from a 
flywheel to the reciprocating parts of an engine. 

The speed of the engine is 150 rev. per min. The stroke of 
the engine is two feet giving the pistons a mean velocity of 
туу X 150 rev. per min. X 2 feet or 667 feet per minute. 
The mean acceleration of the pistons is V2 хол? X 150? rev. 
per min. + 60? seconds per minute X 2 feet, or 175 feet per second 
per second. Тһе high pressure pistons weighs 120 pounds and 
takes a mean accelerating force of 120 pounds X 175 feet per 
second per second divided by 32.2, or 652 pounds. Тһе ac- 
celerating power is therefore 652 pounds X 667 feet per minute 
divided by 33,000, or 18 horse power. 

The low-pressure piston weighs four times as much and re- 
quires 52 horse power acceleration. Тһе valve weighs one- 
sixth as much and has one-fourth the travel and requires 1/96 the 
power, or 0.14 horse power. 

The high-pressure piston is energized to an amount equal to 
one-half its weight multiplied by the square of its mean velocity 
ог 1/2 X 120 pounds X 667? feet per minute divided by 60? 
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seconds divided by 32.2 = 230 foot-pounds. The low pressure 
piston contains 920 foot-pounds energy and the valve 2.4 foot- 
pounds. These quantities of energy are exactly proportional 
to the accelerating power taken by the parts the ratio being 
33,000 foot pounds-per minute divided by 4 X т X 150 rev. 
per min. or 17.5. That is, a reciprocating part is energized 
by 17.5 foot pounds for every horse power of accelerating power 
which flows into it. 
MAGNETIZING POWER 


What has been said of mechanical motion and pressure when 
in quadrature applies also to electric currents and pressures. 
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Fic. 4—FLow oF ENERGY AND ACCELERATING POWER THROUGH ENGINE 


_ As reciprocating motion necessitates acceleration of matter and 
that requires the application of accelerating power, so alternating 
electric currents necessitate the acceleration of electricity and 
that also requires a similar kind of power. Mechanically, the 
accelerating power is stored intermittently as kinetic energy in 
the reciprocating mass, while electrically, the power is corres- 
pondingly stored in the alternating magnetic field of the moving 
electricity. Wherever there is reciprocating matter there must 
be mechanical accelerating power and wherever there is alterna- 
ting electr.city there must be electric magnetizing power. 
Electric currents in quadrature with the electrical pressure 
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have been called idle or wattless currents because they transmit 
no power in the ordinary sense and the product of these currents 
. by the pressure has been called wattless power for the same reason. 
As the power taken bv reactive coils is almost wholly ‘‘wattless”’ 
the power is also called reactive power with the advantage 
that there is no implication that it is not really power. Ав the 
"idle" currents produce magnetization they are also called 
magnetizing currents and the name magnetizing power seems 
to give the simplest view of the function of reactive power. 
All of these electrical terms describe a special form of power 
which alternates in direction and 15 otherwise identical with 
mechanical accelerating power which exists in all reciprocating 
machines. 

Magnetizing powcr it should be noted is necessary to produce 
magnetism alternating in direction just as accelerating power 
is necessary to produce reciprocating motion. 

When the magnetism is uniform in direction the magnetiza- 
tion is produced once for all at the beginning and no further 
magnetizing power is required. Тһе same distinction occurs 
in mechanics; uniform motion, say of a flywheel, requires ac- 
celerating power only at the time of starting, after reaching 
speed it will run indcfinitely without further acceleration. 

А permanent magnet or an electromagnet excited by direct 
currents may be regarded as a resorvoir of magnetism just as 
a uniformly moving flywheel is а reservoir of energy. 

The magnets used 1n direct-current electrical machinery are 
of this type, therefore, except at the instant of starting, no 
magnetizing power is used. 

А permanent magnet may be compared to a frictionless fly- 
wheel which will run indefinitely when once started. Flywheels 
in general cannot be frictionless but must have shaft and bear- 
ings. To keep such a flywheel running uniformly, energy must 
be continually supplied equal to the bearing friction. But it 
should be noted that such energy adds in no way to the stored 
energy of the flywheel. A direct-current electromagnet is sim- 
ular to such a flywheel. The field current or exciting current 
merely overcomes electrical friction, that is resistance, and 
conserves the magnetization put 1n at the first instant. 

The magnetizing power flowing into ап alternating-current 
magnet is like the accelerating power flowing into а reciproca- 
ting piston ,while the exciting power flowing into a direct-current 
magnet is like the mechanical power flowing into the bearings 
and overcoming the friction of a flywheel. 
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In practically all commercial machines for interchanging 
mechanical and electrical power, that is, generators and motors, 
the mechanical forces are due to the attraction and repulsion of 
magnets. With alternating-current machines the magnetism 
of these magnets is produced in whole or in part by this magnet- 
izing power. 

An ordinary alternating-current generator also has magnets 
excited by direct current. These magnets serve a similar pur- 
pose to the flywheel of a reciprocating engine. As the flywheel 
is a reservoir of mechanical energy which is drawn on to ac- 
celerate and retard the reciprocating parts so the magnet of 
the alternator is a reservoir of magnetization which magnetizes 
and demagnetizes the alternating-current magnets of the circuit. 

As we may picture mechanical accelerating power flowing 
out from the flywheel to each reciprocating part of an engine 
sO may we picture magnetizing power flowing out from the 
generator to each motor, transformer or other part containing 
an alternating-current magnet. 

The alternating-current magnets are magnetized at the ex- 
pense of the direct-current magnets. The gain of magnetiza- 
tion of one exactly equals the loss of magnetization of the other. 

A displacement of magnetization in a determinate direction 
is then associated with the flow of magnetization, which being 
alternating, is itself directionless. Furthermore, the frequency 
being the same throughout the system, the amount of magnet- 
ization displaced is proportional to the magnetizing power. 

Electric machines absorb or give out mechanical energy 
because of attraction or repulsion of their constituent magnets. 
Alternating-current machinery such as ordinary generators, syn- 
chronous motors and synchronous converters contain both direct- 
and alternating-current magnets, while other important elec- 
tric machinery such as transformers, induction motors, induction 
regulators and induction generators contain alternating-current 
magnets only. 

A machine containing both direct- and alternating-current 
magnets may either give out or absorb magnetizing power. 
A machine containing alternating-current magnets only can 
also give out or absorb magnetizing power if provided with a 
suitable commutator. The use of such a commutator is however 
still unusual and the ordinary induction motor and most other 
machinery containing alternating-current magnets have no 
commutators. A machine containing alternating-current mag- 
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nets only, and without a commutator, can absorb but cannot 
give out magnetizing power. 

Most alternating electric machinery is designed to have an 
approximately constant magnetization, therefore the magnetiz- 
ing power is also approximately constant: The flow of magnet- 
ization to a transformer, induction motor or other non-com- 
mutating machine containing alternating-current magnets only, 
can be pictured as being constant at all lodds for an ideal, per- 
fect machine. For a practical machine the flow of magnetiza- 
tion will increase slightly with increasing load although the 
useful magnetization decreases slightly, the voltage being as- 
sumed normal at all loads. Increased voltage at any load 
increases the flow of magnetization, and decreased voltage 
decreases it. 


PICTURES OF THE FLOW OF MAGNETIZING POWER 


Magnetizing power being but an electrical variety of acceler- 
ating power its flow may be shown by a similar picture. A 
ribbon may be drawn for it with a width equal to the product 
of the mean curtent by the mean potential. 

Magnetizing power may be measured in the same units as 
accelerating or other power though in electrical work magnet- 
izing power is measured in kilovolt-amperes instead of in kilo- 
watts. The two units are of the same dimensions, a kilowatt 
being the same as a kilovolt-ampere except that its application 
is limited by an additional convention that the current and 
pressure are in phase. It may be pointed out that it is equally 
important to distinguish between kilovolt-amperes of magnet- 
izing power where current and pressure are in quadrature and 
kilovolt-amperes of apparent power where no determinate phase 
relation is implied. 

Arrows may be placed on the ribbon to show the direction in 
which magnetization has been displaced. Тһе demagnetizing 
of the field magnets of an alternator and the magnetization of 
the fields of an induction motor being proportional to the mag- 
netizing power, and due to its flow, there is a natural basis for 
describing the flow as being from the point where demagnetiz- 
ing takes place and to the point where the magnetism reappears. 
This displacement of magnetization, like the transfer of energy 
from flywheel to piston, is a transient change which occurs when 
the flow begins but the displaced magnetization is only prevented 
from returning to its original state of equilibrium by the con- 
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tinuance of the flow of magnetizing power. The flow of magnet- 
izing power is therefore not a cumulative flow, and if constant, 
does not further deplete the magnetization of the source from 
which it springs nor build up an indefinite amount of magnet- 
ization at its terminus. 


Тнв INDUCTION Мотов AND INDUCTION GENERATOR 


Fig. 5 shows the flow of energy through an induction motor 
at varying loads. As previously mentioned, an induction 
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Fic. 5—INDUCTION MOTOR AND INDUCTION GENERATOR OPERATION 
AT VARYING LOADS 


motor contains alternating-current magnets only and, there- 
fore, must receive magnetizing power from some external source. 
The motor receives from the generator two independent kinds 
of power. The ordinary flow of energy through it is similar 
to that through a direct-current motor and requires no further 
comment. 

The magnetizing power which flows into the motor and goes 
no further is the peculiar feature. The width of this power 
ribbon does not vary much from full load to no-load. Motors 
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of different sizes take magnetizing power approximately in 
proportion to their horse power rating; though small motors 
take a somewhat greater proportion due to less perfect design. 
Slow-speed motors take more than high-speed motors of the 
same rating, because the speed being low, the maximum torque 
must be high, and as the diameter of the armature is not in- 
creased sufficiently to maintain the same surface speed, a high 
torque requires more magnetic attraction and consequently more 
magnetism. Subject to considerable variation due to such 
causes, the figures shown тау Бе taken as typical of any in- 
duction motor. 

An induction motor like other motors is reversible in its func- 
tion and may operate as a generator and is then called an in- 
duction generator. 

Fig. 5 is extended to show the transition from motor to 
generator action. The operation of the motor as a generator 
amounts to a reversal of the flow of energy, precisely as with 
a direct current machine. 

However, the flow of magnetizing power does not and cannot 
reverse. An induction gencrator cannot produce magnetizing 
power. The induction motor is a reversible machine as regards 
the flow of energy but not as regards the flow of magnetization. 
This explains why one induction motor operated as a generator 
eannot operate another as a motor unless some other machine 
ts also connected which is capable of furnishing the magnetiz- 
ing power for both machines. It also shows why it may be 
advantageous to forego the simplicity of the ordinary induction 
motor and add a commutator so that the inward flow of mag- 
netization may be reduced, eliminated or reversed. 


SYNCHRONOUS MoTOR AND ALTERNATING-CURRENT GENERATOR 


An alternating-current generator can operate as an alterna- 
ting-current motor and is then called a synchronous motor. 
The synchronous motor differs from the induction motor in 
being completelv reversible, that is reversible as regards the 
flow of magnetization as well as of energy. Where an alternator 
transmits power to a synchronous motor there are three cases 
as shown in Fig. 6. А 

Тһе simplest case is where, as іп direct-current transmission, 
no magnetizing power is required. Each machine has its mag- 
netization furnished locally by direct currents. The equality 
of excitation is indicated in the figure by drawing the exciters 
of the generator and motor as of the same size. 

Above this case is shown the one where magnetization as well 
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as energy is being transmitted from the generator to the motor. 
This indicates that the motor has insufficient magnetization, 
it is therefore, said to be under-excited. The less the direct- 
current excitation of the motor, the greater the magnetizing 
power absorbed by it. This magnetizing power produces a 
useful magnetization in the motor just sufficient to supplement 
the inadequate direct-current magnetizaton. If the direct- 
current excitation decreases, the magnetizing power increases, 
so that finally, if the direct-current magnetization fails entirely, 
the magnetizing power alone may furnish approximately normal 
magnetization. A synchronous motor may, therefore, run 
without direct-current field excitation, in fact, this principle 
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TIONS 


is used in starting synchronous motors and converters. Such 
an unexcited motor is similar to an induction motor but is so 
imperfectly designed for unexcited operation that it takes a 
much greater proportion of magnetizing power. 

An unexcited synchronous motor is, like an induction motor, 
reversible in regard to flow of energy and may be used as a gen- 
erator. However, an unexcited generator or motor must absorb 
and cannot produce magnetizing power. Therefore, an un- 
excited generator cannot be used to run an unexcited motor unless 
there is some other source of magnetizing power adequate for 
both generator and motor. 

At the bottom of the figure is shown the case where the 
motor has an excessive amount of magnetization or is over- 
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excited. The magnetizing power now flows from the motor to 
the generator. The effect of this flow is to demagnetize the 
motor, the amount of flow being just sufficient to bring the 
magnetization of the motor down to equality with that of the 
generator. 

The principle is, in fact, general, that magnetizing power de- 
magnetizes the machine from which it proceeds and magnetizes 
the one into which it flows. Magnetizing power may, therefore, 
be imagined as a current or flow of magnetization from points 
of surplus to those of deficient magnetization. The surplus 
magnetization is to be found in those machines strongly excited 
by direct currents, the deficient magnetization in those weakly 
excited and more especially in transformers, induction motors 
and other apparatus having no direct-current excitation at all. 
Strong and weak excitation are of course only relative terms. 
If the excitation of a generator and a motor are equally strong or 
equally weak no flow of magnetizing power between them is 
necessary to preserve a balance. The voltage which a machine 
tends to have, due to its direct-current excitation alone, fur- 
nishes perhaps the simplest measure of the strength of excitation 
from the present point of view. | 

Where several alternating-current machines having direct- 
current excitation are connected together, the increase in the 
excitation of any one machine tends to raise its voltage but 
this tendency is counteracted by a magnetizing current which 
flows away from it to the other machines, demagnetizing it and 
magnetizing them. A considerable increase in excitation of one 
machine, therefore, produces a smaller though widespread in- 
crease in magnetization of all the machines. Conversely, a 
decrease in excitation of one machine causes an inflow of mag- 
netizing power and a corresponding reduction in the voltage of 
the whole system. This condition holds whether the machines 
are all alternators or all synchronous motors or a mixture of 
the two. The function of the machine, whether generator or 
motor is immaterial, the relative excitation is the essential thing. 

The relative excitation of the machines (generators and motors) 
on a system governs the flow of magnetization and of that alone. 
The origin of the excitation is immaterial as regards the flow 
of energy; the excitation may all come from one machine, any 
one, or from all the machines in any proportion. As long as 
some source of adequate magnetization is provided the several 
machines may be driven as generators or operated as motors at 


will. 
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Consequently increasing the excitation of one of two alterna- 
tors will not shift load to the other and an alternator may con- 
tinue to carry its full load even if its excitation is lost. 

Raising the voltage at one power house will not shift load to 
another and the voltage may be higher at the delivery end than 
at the generating end of a transmission line. 

It is true that such increasing of excitation and raising of 
voltage does shift the flow of power but it is the flow of magnetiz- 
ing power only, not the flow of energy. | 

In every alternating-current svstem two kinds of power 
coexist and flow indcpendently. Тһе two kinds may flow in 
the same or in opposite directions. Either flow may vary 
without interfering with the other flow. 

We may picture the variations in the two ribbons of power 
from a generator. Тһе operator can with his right hand increase 
decrease, stop or reverse the flow of the ribbon of energy by 
opening and closing the engine throttle or governor controller 
while with the left hand he may similarly and independently 
control the ribbon of magnetization by raising or lowering the 
excitation by the field rheostat. Тһе governor controller and 
the rheostat are the two handles by which to take hold of the 
two flows. 

THE SYNCHRONOUS CONDENSER 


Fig. 7 shows first an alternating-current generator at full load 
andover-excited. As the load isreduced, the energy flow decreases, 
stops and reverses just as previously shown for a direct-current 
machine. Ав the excitation is supposed to remain unaltered 
the outflow of magnetizing power is practically unaffected by 
these changes of load by which a generator has become a motor. 
The transition stage between motor and generator operation 
presents the peculiarity that the machine though neither a motor 
nor a generator still produces magnetizing power. This feature 
is of such importance that the machine when so operating has 
a special name, being called a synchronous condenser. 

The synchronous condenser can be used to produce the magnet- 
izing power required for operation of induction motors or induc- 
tion generators or for the starting of unexcited synchronous 
motors or in fact for producing all or any part of the flow of 
magnetization required for a transmission svstem. 

The amount of magnetization. produced is under control, 
depending on the amount of excitation. The figure shows that 
with decreased excitation the flow of magnetizing powcr event- 
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ually ceases and that a further decrease reverses the flow. An 
under-excited synchronous “© condenser”? may be called а syn- 
chronous reactor. 
TRANSFORMERS 

Power consists of the product of two components, velocity 
and pressure. Either may be increased at the expense of the 
other and the power remains the same. 

Mechanically, increase of pressure with decrease of velocity 
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may be accomplished by gearing. In this graphical representa- 
tion of power where the power as a whole is shown but not its 
components the transmission of power through gearing makes 
no change in the direction of its flow nor in the width of the 
stream except for the diversion of a small amount corresponding 
to the losses in the gearing. 

Transformers are used for increasing electrical pressures with 
corresponding decrease in current. А transformer is therefore 
a kind of electrical gearing and power will pass through it with 
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no change except a slight diminution to cover transformer losses. 

Accelerating power can be geared up or down mechanically 
just as well as energy flow. Similarly magnetizing power can 
be transformed as readily as energy flow. A transformer is 
therefore no barrier to the free and independent flow of the two 
kinds of power. 

The electric transformers are a type of gearing corresponding 
mechanically to a direct-acting pump; the change of pressure be- 
ing produced by alternating or reciprocating motion. The 
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Fic. 8—FLow oF ENERGY AND MAGNETIZATION THROUGH A TRANS- 
FORMER 


transformer, therefore, must itself receive a small amount of 
magnetizing power in order to work at all, but this is an approxi- 
mately fixed amount and does not otherwise affect the free flow 
of magnetizing power through it. 

The magnetizing power taken by a transformer is similar in 
characteristics to that of an induction motor. The principal 
difference being that the magnetic design of a transformer is 
much more perfect than that of an induction motor so that the 
proportion of magnetizing power taken is much smaller. 
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Fig. 8 shows the flow of power through a transformer. The 
transformer diverts from the energy stream a small branch 
which is consumed as transformer loss and from the magnetizing 
stream another small branch which magnetizes the core. Even 
at no load the transformer must receive these two small streams 
if it is active. Ordinarily both streams come from the same 
direction, that is from the generator but this is not essential 
for when an induction generator drives a synchronous motor 
through the transformer the energy loss stream comes from the 
generator, the magnetization stream from the motor. 

In a broad way generators and motors as well as transformers 
may be considered as a kind of gearing. 

A generator, like a transformer or a gear, transforms the pro- 
duct of one motion and one pressure into an approximately equal 
product consisting of a different motion and a correspondingly 
different pressure. 

Where both motions and pressures are mechanical the trans- 
forming device is called gearing, where one pair is mechanical 
and the other electrical it is called a motor or generator, and if 
both are electrical it is called a transformer. 


APPARENT POWER 


While energy flow and magnetizing flow can be considered to 
exist in the same circuit practically independently, there are 
not two distinguishable currents of electricity in the same wire. 
The currents and pressure of energy flow and of magnetizing 
flow combine into a single current and pressure. Neither the 
current nor the pressure alone show any trace of the two com- 
ponents of which either may be considered to be built up. 
However, on comparing the composite current with the compo- 
site pressure it is found that the times of reversal are no longer 
either simultaneous nor in quadrature. The effect on current 
and pressure of combining energy and magnetizing flow is to shift 
the relative time of reversal, or as it is ordinarily expressed, the 
phase is shifted. Conversely, it is found that whatever the dif- 
ference in phase, the total effect of the current and pressure can 
be analyzed into two parts, one giving energy flow only and the 
other magnetizing flow only and this forms one basis of the con- 
clusion that energy flow and magnetizing flow are two funda- 
mental kinds of power. 

The product of current and pressure is power, the kind of 
power depending upon the phase. Disregarding the phase, 
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which is often unknown, the product is called apparent power. 
When the phase of the two quantities is the same the apparent 
power is the same as energy flow, when phases are in quadrature 
it is the same as magnetizing flow. For intermediate phases ap- 
parent power consists of an energy flow component and a magnet- 
izing flow component. It is found that the square of the appar- 
ent power 1s equal to the sum of the squares of the energy flow 
and the magnetizing flow. 

This leads to the conclusion that if the ribbons representing 
energy flow are laid say horizontally and those representing mag- 
netizing flow are turned vertically then a diagonal mbbon connect- 
ing them will represent the apparent power. 

Fig. 9 shows how a flow of 80 kilowatts of. energy and 60 
kilovolt-amperes of magnetization give an apparent flow of 
100 kilovolt-amperes. 

While apparent power is not itself a fundamental kind of power 
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Fic. 9—APPARENT FLOW RESULTING FROM FLows or ENERGY AND 
MAGNETIZATION 


it is perhaps more readily measured than either energy flow 
or magnetizing flow, as it is only necessary to measure the current : 
by an ammeter and the pressure by a voltmeter and multiply 
the result, without regard to the difference in phase. 

It is also of importance because furnishing a measure of the 
size of generators, transformers, motors, etc., which must be 
used to transmit simultaneously the flow of energy and of mag- 
ncetization. ; 

PowER FACTOR 

Power factor expresses the relation between energy flow and 
apparent power. It is the number of kilowatts of power de- 
livered per kilovolt-ampere apparently transmitted. 

When the power factor is fixed the relation between the 
magnetizing and energy flows is also fixed. If the power factor 
is constant the magnetizing and energy flows can only increase 
or decrease proportionally. 

Fig. 10 shows the relation between the flow of energy and the 
flow of magnetization at various power factors. The two flows 
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are equal for a power factor of 1/V/2 = 71 per cent. With 
increasing power factors the proportion of magnetizing flow 
diminishes until it vanishes at unity power factor while with 
decreasing power factors the proportion of energy flow diminishes 
and it becomes zero at zero power factor. 

While the magnetizing power is relatively less at low than at 
high power factors an increase in power factor does not neces- 
sarily mean that the magnetizing power has decreased. Thus, 
in an induction motor, the power factor is higher at full load 
than at no-load, nevertheless the magnetizing power is also 
greater. The increased power factor results from a great increase 
in energy flow accompanied by a small increase in magnetizing 
power. 
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LAGGING AND LEADING CURRENTS 


The terms lagging and leading indicate the relative directions 
of flow of the two kinds of power. If they flow in the same 
direction the current is said to be lagging, if in opposite direc- 
tions, leading. If the current is lagging it max be changed to 
leading by reversing either but not both of the flows. Ifa syn- 
chronous motor is under-excited the current is lagging. Increas- 
ing the excitation makes the current leading because it reverses 
the flow of magnetization while the flow of energy 15 not affected. 
If however the excitation is not increased but mechanical power 
is applied to drive the motor as a gencrator, the current also 
becomes leading because the flow of energy has been reversed 
while the flow of magnetization is not changed. Ifthe excitation 
is increased and mechanical driving power is also applied, the 
current remains lagging because both flows have been reversed. 
These effects are shown in Fig. 11. 
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BRANCHED CIRCUITS 


Where a circuit branches, say from one generator to two motors 
operating at different power factors, the determination of the 
power factor of the generator from that of the motors looks 
rather complicated The same problem is extremely simple if 
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viewed as the division of two kinds of currents each into two 
branches. | 

For example a generator supplies an induction motor taking 
80 kilowatts at 80 per cent power factor lagging, and а syn- 
chronous motor taking 100 kilowatts at 98 per cent power 
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factor leading. It is evident that the generator supplies the 
sum of 80 and 100 kilowatts, or 180 kilowatts but it is not 
very obvious that its power factor is 97.6 per cent lagging. 

Fig. 12 shows that this complicated relation of power factors 
is merely a roundabout way of saying that the induction motor 
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takes 60 kilovolt-amperes of magnetizing power while the 
synchronous motor gives out 20 kilovolt-amperes, therefore, the 
generator must give out the difference, or 40 kilovolt-amperes. 

From these elements a picture may be drawn of the flows of 
energy and magnetization in any transmission and distribution 
system. The ribbons show graphically the equality between 
inflowing and outflowing energy and between inflowing and 
outflowing magnetization. A single flow of energy may have as- 
sociated with it two or more separate flows of magnetization as 
shown іп Fig. 13. Неге a synchronous condenser forms a local 
source of magnetization for the induction motors at the end of a 
transmission line, thus saving the losses of transforming and trans- 
mitting this flow as well as performing other useful functions. 
The generator is shown as furnishing the magnetizing power for 
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Line Loss • I?R 


Fic. 13—FLow оғ ENERGY AND MAGNETIZATION THROUGH TRANS- 
MISSION LINE 


motors in its vicinity. Water power transmission systems usually 
have little load at the generating end and there are indications 
that a normal method of operation of such systems is to have the 
source of magnetization at the receiving end. When the flow 
of magnetization is in the opposite direction to the flow of energy 
at full load, the voltage drop due to the load is decreased, and 
the regulation is improved. 


CHARGING POWER 


The electric phenomena previously described are those which 
result from the storage of energy in an electric circuit due to 
magnetization. Energy may, however, also be stored in another 
fornr due to electric charging. Where the electricity is used 
in the form of alternating currents the electric charging current, 
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like the mangetizing current, must transport this energy to the 
part charged and back to the source periodically. Charging 
power must flow to every part where there is electrostatic 
capacity. With charging power as with magnetizing power 
the current and potential are in quadrature. Іп fact charg- 
ing power 15 the same ав magnetizing power except that the 
direction of flow is reversed. That 15, a kilovolt-amperc of charg- 
ing power flowing south is the same as a kilovolt-ampere of 
magnetizing power flowing north. "The single term, magnetiz- 
ing power,is then sufficient for both. Тһе choice of the term 
magnetizing power instead of charging power furnishes the basis 
of the convention which hag been used in indicating the direc- 
tion of flow of this kind of accelerating power. 
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Fic. 14—FLow or MAGNETIZATION AT VARIOUS LINE VOLTAGES 


However, this difference should be noted—an alternating- 
current electric condenser is always a source of magnetizing 
power while an alternating-current magnet 15 always a sink in 
which such power disappears. 

The alternating-current condenser and the alternating-current 
magnet are complementary. 

The electric condenser, therefore, may be used as a substitute 
for the direct-current magnets of an alternator in furnishing 
the magnetization of a transmission system. 

An alternator without direct-current field excitation may re- 
ceive all needed excitation from an electric condenser, and an 
induction motor may opcrate as an induction generator receiving 
its magnetization from a condenser. These results are obtained 
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in practise, though they are not the normal operating conditions 
on high-tension transmission systems. 

A rotating machine structurally identical with an alternator 
or synchronous motor, but not performing any mechanical work, 
may furnish the magnetizing powcr for a system, in whole or 
in part, much as an electrostatic condenser would, and hence is 
called a synchronous condenser. 

Fig. 14 shows the essentially different Shave: of an electro- 
static condenser and a synchronous condenser as the voltage 
changes. The flow of magnetizing power from an electrostatic 
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Fic. 15—FLow oF ACCELERATING POWER AND MAGNETIZING POWER IN 
OSCILLATING CIRCUITS 


condenser increases as the square of the voltage. Magnetizing 
power flows from a synchronous condenser only when the 
circuit voltage is below that corresponding to the excitation 
of the condenser. If these voltages are сала! the synchronous 
condenser is neutral as regards magnetizing power. If the circuit 
voltage is higher, the synchronous condenser absorbs magnetizing 
power and ceases to be like a condenser, becoming similar to a 
reactor. : 

The phenomena due to charging power are not peculiar to 
electrical transmission. If the steam ports of an engine are 
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permanently closed when the piston is in mid position in the 
cylinder it cannot be moved in either direction without compres- 
sing the air оп one side and expanding that on the other side.: 
If the engine shaft is rotated the piston will require a reciproca- 
ting force to overcome the air pressure and this force will be 
zero at midstroke and maximum at the dead point; that 1s, it is 
in quadrature with the motion. Fora given direction of motion 
the direction of this force will be opposite to that which would 
be required for acceleration. This reversal of one component 
but not of both, reverses the direction of the power. Conse- 
quently, such an air-cushioned piston becomes a source of ac- 
celerating power. Ав it passes the dead point the flywheel now 
has its minimum instead of its maximum velocity. Тһе effect 
of connecting the air cylinder to the wheel at this point is to 
energize it. 

Fig. 15 shows that the outflow of accelerating power from 
an air cylinder is like the outflow of magnetizing power from an 
electrostatic condenser, one energizes the flywheel, the other 
magnetizes the generator. Conversely the reciprocating piston 
and the alternating magnet each take a corresponding inflow 
and de-energize the flywheel and de-energize the generator, re- 
spectively. 

If the two flywheels are combined, the energizing and de-ener- 
gizing processes may cancel. Тһе flywheel then becomes un- 
necessary to maintain the motion and consequent flow of ac- 
celerating power and the reciprocating motion of the piston 
may be maintained by connecting it directly to the air cylinder. 
It is then merely a weight oscillating at the end of an air spring. 

The two generators may be similarly combined and eliminated, 
giving an electrical oscillating circuit of a magnet and a con- 
denser. 


То be presented at the 32d Annual Congention of the 
American Institute of Electrical Engineers, Deer 
Park, Md., July 2, 1915. 


Copyright 1915. ВуА.І. Е.В. 
(Subject to final revision for the Transactions.) 


CLASS RATES FOR LIGHT AND POWER SYSTEMS OR 
TERRITORIES 


BY FRANK G. BAUM 


ABSTRACT OF PAPER 


The author offers arguments in support of the principle of 
establishing uniform rates throughout a system or territory for 
different classes of service. Іп establishing the rates he segre- 
gates the services into eight different classes and divides the 
rates into energy and demand charges; the energy charges 
being those charges which increase with the kilowatt-hours 
supply and the demand charges being proportional to the peak 
demands of the different classes. 

By establishing similar rates for similar services throughout 
а territory any appearance of discrimination is avoided and а 
sliding scale of rates will take care of quantity consumption. 


N analyzing the load of a large system into classes we try 
to determine the relative facilities demanded by the different 
classes as a whole. In doing this we try to consider all the 
classes of the system as though each class were supplied as a 
whole from a common substation busbar through one kilo- 
watt-hour meter and one demand meter, for each class as shown 
on Fig. 1, which is presumed to be the condition for the loads 
of the six classes shown in Fig. 2. 


ANALYSIS INTO CLASSES 


Ап examination of the load curve of a power system and а 
comparison of this curve with the load curves of the different 
substations shows at once that there is often no relation be- 
tween the system load curve and the substation load curve. 
The reason 15, of course, because the system load curve reflects 
at each time of day the characteristic demands of the system 
as a whole, while the local load curve measures only the char- 
acteristic of the particular town or industries being supplied 
by the substation. Тһе two characteristics may be quite dif- 
ferent. 

If, however, instead of comparing the load at each substation 
with the system load curve, we analyze the system and the 
local foad curves into “classes of service," we see at once ап 
interesting and definite relation between the load curves of 


Manuscript of this paper was received February 9, 1915. 
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certain classes of business in all districts. See Fig. 4 for class 
1 and 2 demands in cities of different size. In the power classes 
the same general similarity is noted fora given class of consumers. 

The characteristic loads on a large system may be segregated 
into several large classes; and if these classes о” service are then 
present in any given town or supplied from any given sub- 
station it wil beat once apparent. In Fig. 215 given a character- | 
istic "system" load curve and on the same figure 1s shown the 
load curve of certain classes of business. The principal classes 
of business on the system may be divided as follows: 

Class 1. Residence and peak lighting. This load comes on 
the system, reaches peak and drops off again in all towns and 
cities at about the same time. This class of service extends 
over about six hours per day and the load curve is quite defi- 
nite in character and practically the same over the entire 


Average Cost of Power оп Bus Bar 075 
Ave. Cost of Power Class 0.533 Ave. Cost of Light Class 1.4 


Bus Bar 


0.425 0.75 1.075 2.05 Average Rates 


at Substatiun 


Fic. l—ANaLvsis ОЕ LOADS INTO CLASSES AT COMMON SUBSTATION, 
RATES SROWN FOR CONDITIONS AS PER FIG, 2 


system. Тһе peak of, the,load curve (marked Class 1) cover- 
ing about six hours shows this service. This service almost 
always determines not only the maxrnum pcak load, but the 
time at which the peak occurs. The load factor can be pre- 
dicted between 15 and 20 per cent. 

Class 2. Commercial lighting and small power. If the sys- 
tem load curve is broken up into two curves, one representing 
the power and the other the hghting (marked lighting and 
power in figure), and if, then, from the lighting curve we take the 
residence and street lighting, the remainder may be called the 
commercial lighting. It will include day lighting and small 
motors on the lighting circuits, electric irons, cookers, etc. 
This curve (class 2) is also fairly definite for different towns. 

Class 3. Street lighting. This load has also a definite 
characteristic with modern installations and is quite uniform 
in different towns. This load can easily be measured directly 
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Д] 
Ес. 2—CuLASsS LOAD CURVES AND RATES FOR POWER FOR DIFFERENT 
CLASSES AT SUBSTATIONS 
Total to bs. earünd Inc. bela dA. s qx vos RARO A CURE аваа е $450,000 


Energy charge for fuel and storage water at 0.1с ............................ 60,000 
Total Apod Charge. ioe 330356 ад давсаа за кааран $390,000 
This charge equally divided per proportion maximum demand as follows: 
Fixed Million с. Total с. 
Class Peak charge kw-hr ma. kw-hr. 
ed aba KG oer oe pl D ee 3650 ,900 1.95 2.05 
AUS eu ii kssebhRy tus vet 36 ,500 10 0.975 1.075 
Total 1t. Сабе. : 22.22.2002 7300. 195,000 15 Av.Lt.1.3 Av. Lt.1.4 
ҢЫ басқаны ы AEA, а Е A 3650 97,500 15 0.65 0.75 
LE. у узад жакы Асар Б, 3650 97,500 30 0.325 0.425 
WOM ШАД uavpeoz orat 7300 195,000 45 0.433 Av. Lt. 0.533 
Total all с'аѕзеѕ.............. $390,000 60 0.65 Av.all 0.75 


Note: Rates are for power to secondaries of substation transformers. Segregation 
may be carried on same principle to any particular sub-class in the above main classes. 


Note: The figures assumed for kw-hr. are taken to make problem simple for illustration. 
Load factors for Classes 5 and 6 are 20 to 30 per cent higher than usually obtainable and 
ence rates for these classes are 20 to 30 per cent low compared to other classes. 


Digitized by Google 


488 BAUM: CLASS RA; 5 їй? 


and gives almost a constant load from dark to daylight. Class 
3 is shown on bottom of figure. | 

Class 4. Day power. Тһе system load curve, or the load 
curve of the power load, shows a very definite increase in load, 
starting about 6 a. m. and rising to a maximum about 10 a. m., 
dropping between 12 noon and 1 p. m., rising again to a maxi- 
mum in the afternoon and dropping off about 6 p. m. This is 
the industrial power representing the motor loads in factories, 
machine shops, etc. The load is quite definite cach day (ех- 
cepting Sunday) and is as characteristic as the evening lighcing 
peak. This load is shown by class 4 in the figure; load factor 
30 to 40 per cent. \ 

Class 5. Day and night power. This load represents the 
service to cement plants, dredgers, mines, etc., and includes all 
those users for which the load is quite constant. This load is 
shown by class 5 on the figure. The load factor may vary 
from 60 to 80 per cent. 

Class 6. Railway power. This load curve is quite uniform 
for a general street railway system and can be determined 
easily, as usually the load 1s large and separate records are kept 
for this service. Тһе load curve 15 shown and marked Class 6. 
The load factor is usually about 55 per cent. 

Class 7. Irrigation. This load depends on the lack of rain- 
fall and on the season of the year. And as these ате Jairly 
uniform over a large arca, the load is charicienistic of the 
season. This load covers usually the tiri- tvom late 311g to 
early fall and hence differs from the above six «Јах: 5. This 
load, being generally on rural circuits, can be quite detiiately 
determined. This load is generally геди т і off peak. This 
load is seasonal and not shown оп the fig; ure. 

Class 8. Reclamation. This load depusis lar;eiy on rain- 
fall, instead of the lack of it, as in the irris^ti0n. service, and 
hence this load partially, but not entirel., c. mes bi tore the 


irrigation season. This load, like the irriga: i ^ iocis gencrally 
on rural circuits and can be quite definitel. det 57 ^ cdi This 
load is generally required to remain “ой pe w.” 1н" load is 
seasonal and is not shown in the figure. 

Now let us go back to the total load cv: ¿ul assumic we 
have determined the load curve of the last ivo choses (that 
is irrigation and reclamation) and subtracted the «orc, for any 
given time, from the total load curve of tic узе... wo nen 


have a load curve such as shown by the |. .vy vx in Біл. 2 
representing the total load of the first six с.ассс5. 
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Now break this load curve into two curves, one representing 
the load of the classes 1, 2 and 3, residence, street and com- 
mercial lighting, and the others representing the load of the 
classes 4, 5 and 6, industrial, railway and 24-hour power. 
This gives us the curves shown on Fig. 2 as light and power 
with the six classes shown. These curves are quite character- 
istic and very important relations are shown by these curves. 
We see at once we have an evening lighting peak in the light- 
ing class and a day peak in the power class. General char- 
acteristics of the classes may be tabulated as follows: 


Class 
Class ` Time Peak load factor 

1. Residence and 

peak lighting daily 7 p.m.to 8 p.m. 15to 20% Lighting 
2. Commercial class 

lighting..... daily 6 p.m. to 10 p.m. 30 to 50% 20 to 35% 
3. Street lighting daily 6 p.m. to 12 p.m. 30 to 50% 
4. Day power.... work days 10a.m.to 2p.m. 30 to 40% Power class 
6. Day and night 

power...... daily 8a.m.to 6 p.m. 60 to 830% 45 to 70% 
6. Railway power daily 7 a.m. & 6 p.m. 50 to 55% 
7. Irrigation pow- 

BEC DO seasonal 10a.m. & 2p.m. 10to 15% 
8. Reclamation 

power..... seasonal 6a.m.to 6 p.m. 10 to 15% 


NOTE:—Overhead and underground service in some of these classes. 
(Relative rates for service at substation for different classes shown in Fig. 2 and in Fig. 
3 for varying energy charge.) 


Rates for classes 7 and 8 are more difficult to determine 
because the season largely determines earnings. "These are 
special classes and not present on every system. 

Now let us suppose we wish to find the equitable rates to be 
charged these various classes. We will assume that the total 
charge against all classes is determined and is found to be 
$450,000.00. This amount may be derived for illustration as 
follows: Assume this is a water power plant of 15,000 kw. 
installed capacity, and that it costs without steam reserve 
$2,500,000 including transmission and substation. Тһе annual 
charges against the system may be made up as follows: 


Interest.................. Be P Laine wt Ыз $200,000 .00 

Depreciation............. 1.5 p pem awakes 

Maintenance............. 1x05 осна 

Taxes and insurance.. .... | Sunt 100,000 .00 
212 % %300,000.00 

Operation, repairs and management........ 150,000 .00 


$450,000 . 00 
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This gives the total amount to be earned by all classes and 
it is desired to equitably proportion these charges to the six 
classes shown in Figs. 1 and 2. In order to simplify the prob- 
lem, we have combined classes 5 and 6 and classes 2 and 3 in 
the calculations in Fig. 2, and will assume that the lighting class 
has a total demand of 7,300 kw., and this is divided equally 
between class 1 and classes 2 and 3. Similarly the power class 
has a peak demand of 7,300 kw. and this is again equally divided 
between class 4 and classes 5 and 6 combined. The kilowatt- 
hours consumed by each class is shown in Fig. 2 and the demand 
and time of demand of each class is also shown. 

Before we can proceed to find the rates to be charged the 
different classes we must determine what is the demand. and 
what is the energy charge. 


ENERGY AND DEMAND CHARGES 


It is believed business will develop most naturally if energy 
and demand charges are divided as nearly possible in response 
to natural normal costs, and that the business of the various 
classes will develop most naturally if cach class is made to bear 
its fair share of costs, having due regard for the fact that asa 
matter of policy it should be remembered that the low class 
power business promotes industrial and agricultural activity 
and tends to build up a stable and prosperous community, and 
hence also increases the lighting business indirectly. 

Energy charges should only include those items that increase 
the cost to the company as kilowatt-hours are increased. Clearly 
for a water-power plant depending on the natural flow of the 
stream, all charges are fixcd and are demand charges. For a 
steam plant energy charges are those charges that go to pur- 
chase fuel and water for the steam plant. For а watcr-power 
plant with steam reserve, or its equivalent storage water, the 
cost cf the fuel for the steam reserve plant and the cost of the 
storage water arc energy charges. АП other charges are de- 
mand charges. 

We have then the two important factors to determine rates. 

(1) Energy charges are those charges that inciease with the 
kilowatt-hours supplied to tke system; that 15, fuel cost for steam 
reserve plant and storage water cost for water-power plant. 

(2) Demand charges are all other charges to substation; that 
is, demand charges are all charges necessarv to bring the sys- 
tem up to frequency and voltage and include all interest, de- 
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preciation, maintenance and all operating expenses occasioned 
by demand. 

It is seen then that energy charges are merely those charges 
that are necessary to maintain frequency and voltage to give 
service after the no-load and demand charges are accounted 
for to demand charges. 

Energy charges will vary therefore from zero for the water- 
power plant without storage cost, to the fuel cost of the energy 
produced by a steam plant. The items to be charged to energy 
are so simple that there can be no controversy as to what should 
be charged to energy and what should be charged to demand 
in any given case. | 

For the example shown іп Fig. 2 it is assumed that the com- 
pany has invested money in water storage to carry the load 
through the short water period. It may tave invested say 
$500,000 for this storage and this must earn 12 per cent or $60,000 
per year. Now this storage water is used by the different classes 
in proportion to the kilowatt-hours of the classes and should 
be so charged. All classes use 60,000,000 kw-hr. so we have 
an energy charge of 0.1 cent рег kw-hr. to each class. Sub- 
tracting this $60,000 from the $450,000, the total amount to 
be earned, we have $390,000 demand charges. 

Now this $390,000 should be divided proportionately to 
demand (see Fig. 4) among the classes. Тһе best way to see 
that this 1s correct is to assume that one or more of the classes 
is not on the system and се what relative part of this demand 
cost remains. Suppose we have no power consumers, then the 
peak load of the system will be 7300 kw., the same as the 
lighting peak, instead of 11,000 kw., the total peak when both 
classes of consumers аге on the system. We could therefore 
have a station with a pcak plant capacity of 10,000 kw. instead 
of 15,000 kw. actual when both power and light consumers are 
on the system. That is, we would have a saving in plant in- 
vestment if we were serving only light. Now assume we have 
no light consumers and you at once see that the results as to 
plant capacity is the same. In other words the same invest- 
ment and operating expenses, except storage water, would be 
required for the power consumers as for the lighting consumers. 

Instead of each class supporting a station capacity of 10,000 
kw., the two classes when combined on one system only need 
Support a station capacity of 15,000 kw. This is due to the 
diversity factor, that is, to the difference of time of peak of the 
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two classes and shows the advantage to consumers of develop- 
ing both classes of business. This was illustrated in a number 
of ways іп my previous paper on “Тһе Best Control of Public 
Utilities," see Jan. 1915 PRocEEDINGs. The equity of charging 
the power consumers and lighting consumers m proportion to 
peak demand 15 shown above and can be shown in а number of 
other ways which need not be here given. 

Similarly the demand charges of the different lighting and 
power classes are divided in proportion to peak of the class. 

The total charges should be divided in any given case, first 


between the light and power classes as follows: 


total demand charge X light peak 


Light demand charge = light peak + power peak 


total demand charge X power peak 


Power demand charge — light peak + power peak 


Each class demand charge is determined then by proportion of 
substation class demand to total class demand as shown in Fig. 2. 
This Fig. 2 will illustrate the matter without further examples. 
If the demands are not the same, use the above formula for de- 
termining demand charges to classes. 

In California we must provide for storage three months per 
year. That is, about one fourth the total annual kilowatt-hours 
of the system must come from storage water, or its equivalent 
steam reserve power. Now steam reserve power costs about 
0.4 cent per kw-hr. for fuel and water at the steam plant and 
naturally this is a measure of the value of the storage water. 
If one-fourth of all kilowatt-hours comes from storage water 
and is worth 0.4 cent per kilowatt-hour this then means an 
energy cost of 0.1 cent per kw-hr. spread over the entire 
60,000,000 kw-hr., or $60,000 per year, as given in Fig. 2. 

Instead of spending the money on water storage it may be 
expended on a steam reserve plant. Тһе result is the same if 
steam plant yearly charges are $60,000 per year. For the 
different streams we may have energy charges varying from 
zero up to, say, the energy cost of the steam reserve plant. 

In the above case instead of installing 15,000 kw. in the 
water power, we may install only 10,000 kw. in water power 
and install 5000 kw. in the steam reserve plant. Assuming 
that the total fixed charges are the same, Fig. 2 applies to this 
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case if the energy charge for fuel and water is 0.4 cents per 
kw-hr. and we produce one fourth the total kilowatt by means 
of the steam plant. 

Fig. 3 shows the relative rates to the different classes with 
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COST PER KILOWATT-HOUR DELIVERED TO SUBSTATION 


AA l LL. 


0.2 0.3 0.4 0.5 0.6 0.7 0.75 
ENERGY CHARGE PER KILOWATT-HOUR 


Fic. 3--Сі,А55 RATES АТ SUBSTATIONS AS VARIED BY ENERGY CHARGE 
Peak demand of four large classes equal. | 


Total yearly charge $450,000. 
Energy charge varies from 0 to 0.75с. per kw-hr. 


Class Kw-hr. at Sub-station 
1 5 million 

2&3 10 “ 
4 15 “ 

5&6 30 “ 


Equation of straight lines: 
у = total rate, х = energy charge in cents per kw-hr. 
45,000,000 c. — 60.000,000 x dor 
4 X class kw-hr. 
For class kw-hr. = 5,000,000 we have: 
= -45.000,000 c- _ 60,000,000 x 
4 X 5,000,000 4 X 5.000,000 


yu 


y x + x = 2.25с. — 2x 


Note: Тһе figures assumed for kw-hr. are taken to make problem simple for illustration. 
Load factors for Classes 5 and 6 are 20 to 30 per cent higher than usually obtainable and 
hence rates for these classes are 20 to 30 per cent low compared to other classes. 


total yearly charges constant, but varying energy charge, and 
shows the importance of proper relative rates for the particular 
conditions. Instead of a water-power plant we may have a 
15,000-kw. steam plant costing say $1,400,000. Fixed charges 
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would be say 15 per cent or $210,000 and energy charges at 
0.4 cent per kw-hr.: 


0.4 cent X 60,000,000 kw-hr................ $240.000 .00 
Fixed charges Iss sed ANGE E 210,000 .00 
ТОСА ЫЗ козы ы кет РСЕ $450,000 .00 


There are greater differences in cost of service in different 
sections of a single city for the same class of service than there 
are between citics of the same class in one large system. In 
a city the grocer and butcher do not vary charges by distance 
of delivery. That would breed all kinds of trouble. Similarly, 
electric service of a certain class should be standard through- 
out a city, even though the cost for energy and investment 
may vary 10 to 30 per cent. A uniform rate is essential for 
simplicity and to avoid any appearance of discrimination. 
Wherever the general rules for connections and service apply 
to a city the charge should be the same for the same class of 
service. Underground and overhead will have different sched- 
ules of charges and there will be different schedules for different 
classes of light service as well as different class of power service. 

It is believed to be as essential to carry this principle over 
the entire system. The overhead residence lighting service of 
towns throughout California, except perhaps the large cities 
like San Francisco and Los Angeles, is nearly enough the same 
to warrant a uniform rate. Тһе same is true for other classes 
of service. 

come axioms or general principles will at once be evident, 

as has already been pointed out, as a result of a study of the 
system and system power curves. 

Similar service in different communities should be charged 
for at the same rate. For example residence lighting in Sacra- 
mento and Stockton should have the same scale of rates—ex- 
cept as local costs of overhead and underground distribution 
may vary, or where natural conditions or competition may have 
produced unusual conditions. And it is believed that residence 
lighting in these cities, as well as such towns as Chico, Marys- 
ville, Woodland, Santa Rosa, Petaluma and San Rafael, should 
have one scale for overhead distribution and one for under- 
ground. Rather than have a large number of different scales 
with slight differences it is believed it will be better to have а 
uniform scale. A sliding scale would take care of quantity 
consumption. 
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Similarly a farmer pumping water. forgirrigation with a 20- 
h.p. motor near Woodland should have the same rate as a farmer 
requiring the same service near Marysville. A machine shop 
in Richmond using a 50-h.p. motor should have the same rate 
as one in Antioch, etc., etc. 

The same is true of all classes of consumers. It is believed 
it is better for all concerned to have uniform average class rates 
with a sliding scale than a large number of different rates for 
each class. 

Inquiry into rates then would take the line of investigation 


Fic. 4—DaiLv Loap CURVES, COMMERCIAL AND RESIDENCE LIGHTING, 
SHOWING SIMILARITY OF CLASS 1 DEMAND g 


of determining the ''class rate" for the entire system, and 
would not take each town or district supplied from a substation 
and fix rates in that district for the entire class. As time goes 
on the different districts will merge together and differences in 
rates must 1п the end be done away with. 

An inquiry into the lighting rate in Oakland and Berkeley 
for example, might lead to a different rate for lighting on the 
Same street. This is of course absurd. Similarly a foundry 
in Sacramento on one side of a strect should have the same rate 
as that on the other side, if their service requirements are the 
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same. It;,makes no difference if the two foundries are served 
by different companies. 

In other words, rates would be investigated and fixed by 
classes to correspond to the judgment of the rate fixing body 
as to what is the proper rate for that class when considering the 
class of service, the different costs to different companies to 
supply that service, and the general question as to whether the 
particular industry of the class tends to develop other business 
and make for a prosperous community or state. 

Inquiry into the reasonableness of railroad rates does not 
lead to the inquiry as to rates for all classes of service to and 
out of a city or town, but inquiry must necessarily question 
the reasonableness of certain classes of service. 

Further, class rates worked out for an entire system will 
necessarily be more stable than where worked out locally. 
Rates would then not change because a new substation or dis- 
tribution system was installed at some local point, but rates 
would be determined for the entire system's investment and 
operating conditions. Necessarily the variation in an entire 
system's condition 15 small. 

The passenger rate to Sacramento is the same over the South- 
ern Pacific or Western Pacific Railroad, although the latter is 
longer and costs more; the railroad rate does not vary to Sacra- 
mento because a new bridge is erected or because new ties or 
rails are laid, or because a more economical locomotive or more 
expensive coach is used, or because a new depot is erected at 
Oakland. Rates made to vary with these items would be ab- 
surdly changeable. The rate from Sacramento to Summit on 
the Southern Pacific is the same as the rate down from Summit, 
although in one case it requires oil to haul the train and in the 
other it coasts most of the way. Тһе fare on a street railway 
is the same to the end of the line as for a shorter distance. 

The entire power and distributing system can be maintained 
at a standard service condition while individual units or sections 
may vary in condition quite materially. It is not economy to 
maintain all the units at a uniform standard. The variations 
in condition over an entire system will be negligible when con- 
sidering any given class rate, while locally there may be quite 
a wide variation at different times. 

I am certain there is no more reason for having different 
scales for the same electric service in Napa, Petaluma, Santa Rosa 
or San Raíael because of different states of newness of the 
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distribution, system, than there would be for the Southern 
Pacific Company to vary the railroad rates between these 
towns because it renewed the ballast, or ties, or rails on certain 
sections of the track, or operated a more or less economical 
engine, or because one or more of the towns had more or less 
new depots. The variations in rate would be ridiculous for 
these reasons. š 

If this is the condition, then the relative rates of power for 
the different classes are to be taken along the vertical line of 
0.4 cent energy charge shown in Fig. 3. 

Figs. 2 and 3 show it is not equitable to charge the same per 
kilowatt-hour to all classes; in fact it 1s clearly shown that dis- 
crimination will result from such a practise to the detriment 
of the power business generally, with the result that the entire 
business will suffer and the lighting rates must increase because 
the power business will not develop. It is also shown by Fig. 
3 that relative rates to be equitable must be determined for 
the actual energy charge for the system. 

Having determined the amount of the energy charge Е апа 
having the total amount T to be earned by the system to the 
substations, the demand charge is D = T — E. 

This demand charge D is then proportionately charged to 
the several classes as shown in Fig. 2. This gives T = D+E 
(total charge to any class equals the sum of demand and energy 
charge of class) for any given class up to the substation. 

This system of apportioning demand charges in proportion 

“іо the peak demand of classes develops largely automatically 
the relative “value of the service" to the different classes of 
consumers. Тһе power consumer pays the same per 24-hour 
day per kilowatt demand as the lighting consumer. Іп other 
words the “value of the service" of a kilowatt demand is worth 
practically a fixed amount per year to all users independent of 
the length of time it is used. That this is fair and scientific 
has been shown, and the application of the system produces 
relative rates (see Figs. 1, 2 and 3) which will develop the 
business. With relative rates between classes determined as 
shown herein, the occasions for making special cases will be 
the exception, rather than the rule, as at present. Most busi- 
ness will fall naturally into the general classes. 

To determine finally the total cost to consumers for any 
given class we must know the cost of service for each class from 
the substation to consumers. This would require that separate 
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accounts be kept by classes for the entire system. Records of 
demands and kilowatt-hours consumed by different classes 
would also have to be kept. Where power and light are on the 
same cirucit the load curve must be analysed as in Fig. 2 to 
get at the proportional charges. 

Fig. 3 brings out very clearly the relation of the rclative cost 
of power at substation for various classes of consumers for 
varying energy charge. 

If there is no encouragement to develop water-power energy, 
charges must be taken under steam plant conditions, that is at 
about 0.3 to 0.5 cents per kw-hr. If relative rates are taken 
under water-power conditions then encouragement must be 
given to develop hydroclectric rather than steam power. If 
we offer 8 per cent to the company that develops steam power 
we should offer more than 8 per cent to the company that de- 
velops water-power. Otherwise it is plainly evident that for 
the same interest return there will be little water power develop- 
ment. The largest rate of return should be for investment 
in storage water, as the public obtains, in addition to the general 
benefits from the water power development, large indirect 
benefits from storage water, due to the fact that the stored 
water becomes available for irrigation, and increases the low 
water flow of navigable streams. 

It is believed the above method of determining demand and 
energy charges is correct and it is also believed that if cach class 
of consumer is made to bear his equitable cost that we naturally 
and automatically bring the “value of the service" into account. 
Rates so determined will naturally develop all normal business. 
There will be cases whcre special inducements must be made 
to get the business even if it does not earn 8 per cent on the 
investment, as pointed out in my previous paper on “Тһе Best 
Control of Public Utilities." Some other business must make 
up the difference. 


UNIFORM CLass RATES FOR A SYSTEM OR TERRITORY 


Uniform class rates for an electric light and powcr system 
or territory are advisable where one commission regulates rates. 

The above applies where the rate must be fixed for а city, 
town or district. Where the rate regulation for the entire sys- 
tem or territory is in the hands of one body, much better results 
will be obtained by considering the system as a whole. I 
believe the necessity for uniform class rates is so great that I 
shall go into the matter in some detail. 
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Before the time of electric transmission the electric business 
was practically confined to the lighting business. In small 
towns the local steam plants supplying the lighting usually 
operated from about 5 p. m. to about midnight. In larger cities 
the plants operated during the entire 24 hours. Very little 
power business was done, with the result that the main business 
was done during the lighting hours. 

None of these early electric companies were very prosperous 
the main reason being the limited earnings due to the limited 
use of the plant, that is, to the low load factor of the lighting 
business, usually from 10 per cent to 20 per cent. 

With the advent of electric transmission from the water 
power plants the managers of these properties, seeing the in- 
vestment idle or without load during most of the day, and 
interest and maintenance charges and operation costs being 
practically fixed, independent of the load, began to look around 
for some business. Day load was sought and low rates had to 
be offered in order to induce the factories having steam engines 
to discard these and purchase clectric motors and clectric power. 
The success of the electric motor and electric transmission of 
power are responsible for the large economic gain obtained as 
a result of this change of the individual power plant to the 
universal electric power system. 

It is the factory load that has made a financial success of 
electric transmission. I believe that the.economic gain to the 
country due to electric power 15 only comparable to the gain 
as a result of railway transportation and the gain due to modern 
systems of agriculture. We have in California many com- 
munities which owe thcir beginning and development largely 
to electric transmission. It is, therefore, important that the 
reason for various costs of service on different classes of electric 
business under the conditions be thoroughly understood. 

There have been considered class rates applied to each city 
or district of a system. This method is necessary where the 
regulation of rates is controlled by local bodies, or a local com- 
pany supplies the service. With the passage of the constitu- 
tional amendment placing all citics under the commission in 
California, a much more logical and satisfactory svstem of rates 
will result by considering rates for a given class for an entire 
system or territory for similar service. This will not only be 
more just to different classes of consumers, but immeasurably 
simpler in application. 
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In regulating rates for the different consumers in a city it 
has been found best and necessary to make uniform rates in- 
dependent of the difference in cost due to different distances 
from the central station to the consumer. It has also been 
found advisable by the California commission (and I believe 
the principle necessary in practise under the conditions) to dis- 
regard the small variation in transmission costs and assume 
uniform power costs independent of distance from the power 
source. It is only a short step to a consideration of a uniform 
rate for similar class of service throughout a system or territory. 

Why should the residence lighting rate in such towns as Chico, 
Marysville, Woodland, San Rafael, Santa Rosa, Napa or Peta- 
luma be different for overhead service or for underground service? 
And why should Chico’s rate be high this year, Woodland’s 
low and Petaluma’s lower because perhaps the distribution sys- 
tem is new in Chico, a few years old in Woodland and a little 
older in Petaluma? Іп a few years the conditions may be 
reversed but rates could probably not be raised. Is it not 
better to determine average rates for the entire system for this 
class of service and apply it in all these cities? The distribu- 
tion systems ате all being maintained at the most advantageous 
point for economy as a whole and the service is constant. 

And why should the service charge in one city be reduced 
because a more economical turbine is installed in that city and 
increased for the wasteful engine allowed to remain in another? 
Why should the rate be reduced for the company having an effi- 
cient organization and economical construction, and raised for 
the company having an inefficient organization and wasteful 
construction? 

The principle is incorrect and must lead inevitably to failure. 
On the other hand,apply uniform class rates for certain kinds 
of service, independent of the particular town or consumer 
being served and independent of which company gives the 
service, and we immediately have an incentive for the company 
to make economies and to reduce cost of construction. For, 
if the charge for a given class of service in a given district is 
fixed, the company having the lowest costs will benefit most, 
and vice versa. This principle is vital for economy and success. 

The characteristics of residence lighting (varying for over- 
head or underground servicc) are nearly enough the same to 
make the rate uniform, and a sliding scale of rates will take 
account of quantity consumption variation of rate to the in- 
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dividual consumer. The same is true for street lighting and 
commercial lighting. Similarly the characteristics of industrial 
or day power are пеагіу enough the same to apply one sliding 
scale of rates throughout the entire district covered by the sys- 
tem. The same is true for railway and 24-hour power. : 

And naturally the rates for a given class of service should 
be nearly the same throughout fairly well settled parts of Cali- 
fornia where the service is available. 

If a consumer requires an investment to give him service not 
covered by the general rules, he should pay the difference neces- 
sary to bring his case within the rules. Then his cost of service 
would be the same as other users in his class. Irrigation and 
reclamation rates should also be uniform except for extraordinary 
initial costs to supply the consumer and these the consumer 
should pay. 

To get the lowest rates for all classes it will be necessary to 
take on some classes of business that may pay only a small 
per cent on the investment. This is at once evident, as has 
been shown, by examining the system load curve. If we could 
sell the surplus power available from 12 p.m. to 6 a.m., even 
if sold for less than one-half a cent per kilowatt hour, the earn- 
ings of this period would be nearly all profit, that is, it would 
subtract nearly that amount from the other consumers. Practi- 
cally the only cost of the service to the power company would 
be for oil if from a steam plant and for storage water, if needed, 
from a water power plant. 

Similarly to sell day power 1t must be sold at less than it would 
cost the consumer to produce it, at the same time the company 
must earn part of its fixed charges and the tendency of the 
business taken on must be such as to reduce the general level 
of rates as the volume of business increases. 

The problem of finding the proper rates to be charged each 
class is a simple matter, as shown by Figs. 1, 2 and 3. We 
would first determine the total amount of fixed charges to be 
earned to the substations and proportion this amount to the 
light and power classes as given previously. We would then 
determine the amount of the peak demands of the different 
lighting classes and the power classes, the amount to be earned 
to the substation can be apportioned tothe classes. Then hav- 
ing a segregation by classes of the investment, maintenance, de- 
preciation and operation expenses (excluding oil or storage 
water) we can determine the amount to be earned for fixed 
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charges for each class for distribution including the substation. 
Adding the cost up to the substation to the distribution costs 
and finally adding the energy charge, we determine the total 
charge against the class. We then divide this total amount to 
be earned by a class by the kilowatt-hours consumed by the 
class, as shown by the consumers’ meters, and we have the 
average kilowatt-hour charge for that class: It remains then 
only to determine the sliding scale of rates which will earn this 
average rate as determined, considering the quantity con- 
sumption of different consumers. 

-' The development of the small local clectric company into the 
large company operating over a wide territory makes it neces- 
.sary to discard the old practise of fixing rates for each local 
"situation separately. This was necessary with local bodies 
. fixing the rates, but a reasonable scale of rates can not be worked 
out for a large system without considering the entire system. 
We may as well try to work out separately the railroad rates 
for the Southern Pacific and Union Pacific from San Francisco 
tc Oakland, from Oakland to Sacramento from Sacramento 
to Ogden, from Ogden to Cheyenne, from Cheyenne to Omaha. 
The absurdity of this thing is apparent at once. We can not 
consider parts of an entire machine and estimate its earning 
value independent of the other related parts. 

The electric system 15 a means of generating and transmitting 
power to a large number of consumers over a wide area. The 
system supplies energy for light to one class of consumers for 
one part of the day and energy for manufacturing, largely, dur- 
ing another part of the day and the natural subdivisions of the 
business are found, by a segregation of the total business into 
classes, just as has been found necessary in determining railroad 
rates. 

There is nothing experimental about it and the further de- 
velopment of the electric power svstem depends largely on the 
initiation of uniform class rates, for systems or territories where 
similar conditions exist. 


ADVISABILITY OF UNIFORM CLASS RATES 
The advisability of determining class rates by considering 
the natural divisions of the classes of business rather than 
considering the more artificial division into territories or towns 
served by certain substations will be admitted by anyone making 
an impartial study of the situation. 
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By considering the local situation in a town or district the 
tendency will be to largely disregard the effects of the local 
situation on the remainder of the svstem. This method ac- 
centuates the ‘‘ cost of service " and practically ignores the 
“ value of the service " or the “reasonableness of the rate " 
from the consumers' standpoint. 

On the other hand by considering the classes of business and 
trying to determine average class rates for the system, I think 
there will be a direct tendency to have the “rate makers " 
consider '' value of service " and “ reasonableness of the rate ” 
from the consumers’ standpoint. For in considering the “ class " 
there must be always brought to mind the entire svstem, and 
this will naturally bring to the minds of the commissioners the 
effect of certain classes of business on the company as a whole, 
and will accentuate the necessity for giving low rates for certain 
class of service, even though this class can only earn a part of 
the fixed charge. 

And inevitably, we can see that the application of class 
rates will lead further than this, for 1415 not a far step from the 
determination of average class rates for a system to a system 
of class rales which will make the rate for a given class of service 
the same even if the service is in Stockton, Sacramento or Oakland 
or anywhere in the territory, and even if supplied by different 
companies. Апа for the company that has done economical 
construction, has a good organization and operates at low cost 
this method must be to its advantage. 

Analyzing rates to and out of each substation must necessarily 
give different rates for the same class of service to adjacent 
areas, (or in the same area where supplied by two companies) 
as the district lines are now largely imaginary and ultimately all 
districts will merge into one. And as stated above, in analyzing 
and fixing rates for the substation area, the natural basis of 
fixing rates zs this “ cost of service," leaving the “ value of ser- 
vice" and the necessity of developing a gencral diversified 
business for the entire svstem (which tends to give the lowest 
cost to all consumers) largely unconsidered. 

On the other hand, analyzing and fixing rates by classes will 
tend to make rates uniform throughout the territory served 
(except for special cases where extra investment is necessary) 
independent of the town, district or company supplying the 
service. This must tend to fix the minds of the commission on 
the “ value of the service " and the “ reasonableness of the cost ” 
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when considering other companies or from the consumers’ 
standpoint. The necessity for considering other companies and 
their costs must result in rewarding the company having the 
lower costs. 

In analyzing rates, the substation, town or district is not 
the important or correct subdivision, but instead a certain rate 
applying to and developing a certain class of business is the im- 
portant thing to be analyzed. This naturally requires that the 
entire system be considered, and also consideration to be given 
to the effect of the rate in one class affecting the rate in another, 
and the effect of the rate on other companies and other localities 
must be kept in mind, all of which will benefit the economical 
company as it should. 

Hence there is brought continually to the mind of the investi- 
gator of rates, the necessity for developing certain classes of 
business as well as the cost of supplying the business. And as 
certain classes of business must be taken on at low rates (lower 
than will earn 8 per cent) this method of fixing rates will tend to 
accentuate and keep in mind the ‘ value of the service" and 
the “ reasonableness of the rate” from the consumers’ standpoint. 

Analyzing and fixing rates by cities or districts is a relic of 
the time when different local companies owned the local system. 
With a general system as a result of the transmission power, 
there is no more (and probably less) reason for considering the 
different towns separately than there is for considering each 
consumer in a town separately, and making the rate vary as 
his distance from substations. The latter would add immeasur- 
ably to dissatisfaction and complications, and having different 
rates in different towns for the same service is as objectionable. 

Summarizing the advantages; average class rates for the entire 
system: | 

(1) Will tend to have “ value of service ” and “ reasonableness 
of rate " given consideration when fixing rates. 

(2) Will make one rate for entire district for one class and 
hence give advantage to company having the lowest cost. 

(3) Will tend to reward the efficient company and hence tend 
to reduce costs of service. 

(4) Will tend to allow constant service value of the property 
of the system as a whole. 

(5) Will very much simplify rate making. 

(6) Will remove the differences in rates which cause most 
dissatisfaction and causes most rate inquiries. 

(7) Will tend to make rates stable over a period of years. 
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On the other hand, analyzing costs to and from seperate sub- 
stations, towns and districts: 

(1) Will tend to make '' cost of service " control the rates. 

(2) Will give different rates in different towns and districts 
and will give higher rates to the company having higher costs. 

(3) Will penalize the company having lowest costs and hence 
tend to increase cost of service. 

(4) Will tend to make changeable local value of property the 
basis of return. 

(5) Will very much complicate rate making. 

(6) Will promote differences in rates which are the cause of 
most dissatisfaction and most rate inquiries. 

(7) Will make rates unstable at all times. 


CONCLUSION 


The application of (uniform) class rates for a system or terri- 
tory will therefore tend (1) to make rates simple, fair and definite, 
(2) equitable as between classes of consumers, (3) uniform so 
as to make them standard for similar conditions, (4) tend to pro- 
duce economy in construction and operation,and hence,as a 
result of above, (5) rates will tend to be reduced as the volume of 
business increases. 
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THE THEORETICAL AND EXPERIMENTAL CONSIDERA- 
TION OF ELECTRICAL PRECIPITATION 


BY A. F. NESBIT 


ABSTRACT OF PAPER 


Theory of electrical precipitation of suspended matter in gases 
is inseparably connected with the phenomena of ionization 
and the laws of electrically charged bodies. 

The motion of the suspended particle is like that of the charged 
pith ball in the familiar experiments, but the charge is obtained 
by ionization instead of contact. 

The paper shows that electrical precipitation occurs in nature 
and then Бу calling attention to the structure of matter shows 
how ionization is brought about, how the ions, nuclei and ар- 
gregates are formed, and the final precipitation of these is 
effected by gravitation and the electric field. 

Experimental apparatus for electrical precipitation is given 
and attention is called to the differences between the appearance 
of the positive, negative and alternating corona. 

The experimental data have shown the superiority of the 
negative corona and the relative effectiveness of the size and 
shape of electrodes, temperature and conductance of gases, 
polarity and uniformity of corona. 


INTRODUCTION 


HE theory of electrical precipitation of suspended matter in 
gases and liquids 15 inseparably connected with the pheno- 
mena of ionization, and the laws of electrically charged bodies. In 
order then that we may become familiar with the facts that 
underlie electrical precipitation, it has been thought best to 
give a somewhat detailed outline of the present theories of ioni- 
zation, followed by the results of experiments made to study the 
phenomena. 

Everyone is familiar with the experiment in which a pith ball is 
brought up near a body negatively charged. The near and far sides 
of the pith ball accumulate positive and negative charges of equal 
magnitude respectively. This polarization or separation of the 
electric charges, constituting the neutral state of the pith ball, into 
the respective components, and the greatcr or less freedom with 
which either of these components may become detached from their 
holder, the pith ball, and become attached to, or else remain free 
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from other material molecules, represent phenomena which occur 
in splitting up the molecule or group of molecules in its neutral 
state into its electronic and ionic components respectively. This 
analogy is helpful in getting a correct view of the migration of 
charged bodies in an electric field; but the cause of the charge, 
the structure of matter, ionic migrations, and ionization agents 
must be considered at the outset. 

As shown later, the particles suspended in a gaseous medium 
or constituting the solid and liquid particles of a moving gaseous 
stream, whenever they are subjected to the action of intense elec- 
tric fields, become charged by the action of the traveling 1оп and 
electrons and consequently tend to travel along with these ionic 
streams. 


1. THE GENERAL PROPERTIES OF PARTICLES SUSPENDED IN 
GASES 


Light reflected from very fine particles held in suspension 
in a gaseous medium is usually of a bluish color, and this color 15 
purer the smaller the particles. As the particles increase in size, 
the reflected light becomes a pale blue and finally white when all 
wave lengths are equally well reflected. This phenomenon is 
observed on an enormous scale in connection with the blue 
sky, the brilliant sunsets, electrical discharges during thunder 
storms, and during the occurrence of the Northern lights, and 
shows the presence of suspended particles. The presence 
of atmospheric dust and moisture, along with the electrical 
phenomena which are taking place in the earth’s atmosphere, 
is largely responsible for the precipitation of the so-called 
floating particles in the air. This 15 electrical precipitation occur- 
ring on an immense scale in nature. 

The problem to which our attention is here called, is that which 
undoubtedly accounts in a large measure for the meteorological 
phenomena of the condensation of suspended water particles 
into rain, the formation of fogs and mists, the formation of snow, 
the presence of ice crystals at high air elevations, and the elec- 
trical phenomena occurring at these same high altitudes. The 
combined effect of these natural phenomena, with the presence 
- of floating particles of man’s own making, have an important 
bearing on climates, vegetable and animal life. 


2. THE ATOMIC STRUCTURE OF MATTER 


The modern theory of matter is that it 1s composed of atoms, 
each one of which is of the same size. Likewise, charges of 


1915] NESBIT: ELECTRICAL PRECIPITATION 509 


electricity are composed of the so-called electrical atoms, each 
of which is made up of the same quantity of electricity. The 
molecules of all material substances, whether gases or fluids, 
when in their neutral state, are said to possess equal quantities of 
positive and negative electricities. 

Recent investigations and deductions furnish evidence which 
leads to the view that at least a part of the mass of an atom of 
any element 15 of electrical origin, and that the atoms of different 
elements differ only in the number and grouping of the ultimate 
units of negative charge called electrons. The electron rep- 
resents an amount of negative electricity equal to 4.8 X 10-1? 
electrostatic units. No accepted name has been given to the 
ultimate unit of positive electricity corresponding to the electron, 
because no exact information is available as to the way in which 
positive electricity exists in the atom. 

When an electron has been added to a particle or molecule of 
any substance, in the neutral state, it is then said to possess a 
free negative charge of 4.8 X 10-79 electrostatic units. - When 
an electron has been removed from a particle or molecule, in 
the neutral state, it is then said to have a positive charge of 
4.8 X 10-% electrostatic units. 


4 


3. Ions, NUCLEI, AGGREGATES 


Experiments on the electrical conductivity of gases, suggest 
that this property of gases is greatly increased by raising their 
temperatures. This fact, coupled with the statements made 
above, leads to the conclusion that the molecules or particles of 
the gases themselves, apart from any suspended solid or liquid 
matter which they may contain, become better conveyers of 
electricity as their temperatures are raised. These charged 
particles or molecules of the conducting gas, or the suspended 
particles of vapors, dust, fumes, etc., which it may hold in 
suspension, are called ionized particles and some are charged 
positively, others negatively, the two kinds of charges not neces- 
sarily being of equal magnitude. 

A negative ion, or a carrier of a negative charge, is formed when 
a neutral molecule of a material substance, such as a particle of 
dust, vapor. or smoke, has imparted to it from any source what- 
ever one or more electrons in excess of the number contained in 
its neutral state. The magnitude of the charge on the negative 
ion depends upon the number of electrons which have been added 
to the neutral molecule, or aggregate. In like manner, a positive 
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ion is formed when a neutral molecule or aggregate of a matcrial 
substance has one or more electrons removed from it. 

These tons themselves may become the centers or nuclei about 
which large aggregates of the particles of the body may be clus- 
tered or assembled, and their charges may in part neutralize each 
other, or give rise to increased potentials for the aggregates above 
that of the individual ions. . 

An illustration of this principle on an enormous scale is the 
usual consideration of the myriads of minute water particles 
floating in the air. The clouds are great masses of water vapor, 
dust particles, and other floating matter in the air. This 
floating matter may exist more or less in the form of aggre- 
gates. Тһе aggregates may have been formed by the condensa- 
tion of water vapor on the dust or other particles as nuclei, or 
during their fall due to gravitation they may unite to form small 
drops. Тһе drops of water are more or less charged with posi- 
tive electricity, probably due to evaporation taking place at the 
surface of the earth and upon bodies of water. 

When condensation centers begin to form, the aggregates 
have a resultant charge equal to that of the individual particles 
composing it. Thus, when an aggregate of eight water particles 
is formed into a sphere of twice the radius of the individual 
particles, that is, into a sphere of twice the clectrostatic capacity, 
the potential of the aggregate 1s raised to four times that of the 
original particles. 


4. IONIZATION 


By ionization is meant that process by means of which the mole- 
cules of matter are split into positively and negatively charged 
particles or positively charged particles (ions) and electrons. 
The principal ionizing agents are Roentgen and Becquerel rays, 
cathode and other rays, the electric field, high temperatures, 
ultra-violet light and chemical action. 

The phenomena of ionization are considered under the four 
following heads: 

a. The Action of High Temperatures. When the temperature 
of a body becomes sufficiently high, the velocity of some of the 
electrons is so large that their excursions carry them beyond the 
surface of the body and they escape into the surrounding medium. 
Simultaneously with the escaping of the electrons from the hot 
or incandescent body, there may be emitted particles or molecules 
of the body itsclf, and these particles with their associated 
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negative and positive charges constitute the streams of negative 
and positive ions. 

b. Thermions. Thermiontc Currents. In the case of hot or 
incandescent bodies, the ions which are emitted are called 
thermions. The density of these ionic streams constitutes what 
is called the density of the thermionic currents, and depends 
upon the physical and chemical conditions of the hot body at 
the time, its temperature, and the propertics of the medium into 
which the ions are emitted or radiated. This thermal ionization 
from the fuel and the hot surfaces in the furnace or fire box 
may aid somewhat in giving an initial charge to the particles 
with which we are concerned in the electrical prectpitation of 
smoke. 

c. Chemical action may be the cause, as well as the result 
of ionization. | | 

а. Ionizing Action of Water Sprays. Wilson!, Eve?, Pomcroy?, 
and others have investigated the ionizing action of fine jets of 
water in the form of sprays, and the conclusion is reached that 
both negative and positive ions are produced, the former being 
slightly greater in number than the latter. It may be possible 
that the ionization produced by water jets may have some valua- 
able effect in the removal of suspended matter in air washers. 
The positively charged ions are associated with the heavier 
parts of the spray. The clectrons, however, seem to attach 
themselves with great difficulty to water drops even though 
they be of very small sizes. These facts may explain the posi- 
tive electrification of atmospheric clouds as due to evaporation 
of water. 

Armstrong’ studied the electrification of steam jets, and one 
of the conclusions he reached is that the electrification developed 
did not appear to depend upon the degree of violence with 
which the steam came into contact with the air. The work of 
Armstrong may shed some light on our subject. 


THE THEORY OF ELECTRICAL PRECIPITATION 


In general, solid and liquid particles may be considered as sus- 
ceptible to the action of either or both the electric and magnetic 
fields. Only a few kinds of particles are acted upon by the mag- 
netic field, and the most important application of the magnetic 


1. .Philosophical Magazine, July 1902. 
2. Philosophical Magazine, p. 382, 1907. 
3. Physical Review, 27, p. 492, 1908. 
4. Philosophical Magazine, Vol. 17, 1840. 
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field is in the separation of iron ore dust from the earthy sub- 
tances with which it occurs in nature. We must keep in mind 
that every electromagnetic field is made up of its two inseparable 
components, the magnetic and electric fields respectively. Since 
the action of the magnetic field depends upon the more or less 
polarization of the particles to be removed, and is accounted for 
іп а manner similar to that which explains the phenomena as- 
sociated with the electric field, it will not be discussed in this 
paper. 

Material particles, for our purpose, may be grouped in two 
classes, conducting and non-conducting. When the conducting 
particles are brought into an electric field, they immediately 
take up a definite redistribution of their charges which constitute 
their neutral state; each side of the particle has an accumulation 
of positive and negative electricity respectively, and it is custom- 
ary to represent this condition by saying that the electric field 
has polarized the particles. Independent of this polarizing 
action, there may be either or both positive and negative ions, 
and electrons present in the field, and these ions and electrons as 
a result of collisions among themselves and with the polarized 
particles will tend to combine with the latter and form what are 
called large ions or aggregates. Ions of this type are continually 
yielding up or receiving charges, and in a medium in which the 
density of the suspended particles 1s very great and the particles 
of minute size, it is quite probable that the formation of ag- 
gregates is hastened by the polarizing action. The velocity’ 
of the large ions is very small, and such being the case, special 
consideration must be given to these facts in the design of a 
precipitator to treat such particle-laden gaseous streams. 

It may be inferred from what has previously been said, that 
the greater number of possible applications of electrical precipi- 
tation is concerned with the treatment of gaseous streams 
laden with solid and liquid particles of the non-conducting type. 


RESEARCH WORK ON ELECTRICAL PRECIPITATION 


Some idea of the phenomena attending the precipitation of 
suspended particles in gases by the electrical process was obtained 
by means of special apparatus as shown by Figs. 1, 2, 3, and 4. The 
glass cylinder, Figs. 1, and 4, six in. inside diameter, completely en- 
closing the quarter-inch wire-mesh cylinder five in. in diameter, 
was sealed to the lower glass jar and also to the upper glass jar 

or, pipe leading to the suction fan. There was thus eliminated 
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any possibility of an in-draught of air through the wire mesh 
cylinder which constituted the grounded electrode. 

The wire c in Figs. 1 to 4 represents the active electrode 
of the system, and was placed axially within the wire-mesh 
cylinder, being supported at either end by means of heavy- 
walled glass tubes dd. Connection to the high voltage electrical 
circuit was made through the upper glass tube d. 


To Suction Fan E ? im i 
To Suction Fan ) 


Pipe or . Current off 


Glass Cylinder 


Wire Mesh 
Wire Mesh Cylinder 


Cylinder 


Pipe or 
й preferably 
. | a Glass Cylinder 


Fic. 1 Fic. 2 


In the experiments to be described, all cylindrical parts of 
the apparatus were of glass, except the wire mesh cylinder and 
the cross А of stovepipe in Fig. 2. Ample insulation was thus 
provided against any leakage of electricity from the active 
electrode c to any part of the apparatus, except corona discharge 
between the wire c and the grounded wire-mesh cylinder. 

The electrical circuit consisted of a high-voltage transformer 
capable of stepping up from 220 volts to as high as 80,000. Тһе 
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high-voltage side of this transformer was connected through a 
mechanical rectifier of the Lempe type, and one side of the 
circuit was taken to the upper end of the active electrode c, 
the other side going to ground. А potential of about 30,000 
volts was needed to get a strong negative corona discharge from 
the wire c toward the wire gauze. 

Referring now to Fig. 1, very fine pieces of thin tissue paper, 


To Suction Fan To Suction Fan 


— 


Wire Mesh 7 
^^ Cylinder . 


Pipe or 


[7 - - . | Glass Cylinder г. +. ] Glass Cylinder 


Fic. 3 Fic. 4 


tin foil and gold leaf, fine shreds of silk fibre and other light 
substances were placed on the wire gauze disk. Every precau- 
tion was taken to insure that these particles of paper, etc., 
were free from any electrical charges, the disk being first con- 
nected to a delicate gold leaf electroscope, which gave no in- 
dication of charges, and then grounded. 

When the electrical circuit was open, and a gentle suction ap- 
plied by means of a fan connected to the top of the apparatus, 
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the light pieces of paper, tin foil etc., were lifted off the wire- 
gauze disk, and floated lazily along through the wire-gauze 
cylinder without any definite or prescribed course. Some of 
these particles jostled against their companions and aimlessly 
wandered along the with gentle current of air. 

Upon closing the electrical circuit, however, these same floating 
or suspended particles evidenced a very distinct behavior; 
especially was this true between the wire с and the wire mesh 
cylinder. An immediate redistribution of the charges con- 
stituting the so called neutral condition of these particles evi- 
dently takes place. In accordance with the laws which govern 
the action of such light bodies when brought into an electrical 
field, the particles almost invariably flocked very quickly toward 
the wire c, only to be hurled, as it were, away from it an instant 
later and start on their journey toward the wire mesh cylinder, 
where the electric field was very much less intense. 

Thus in Fig. 1, particles 1, 2, 3, and 4 have not yet experienced 
a redistribution of their charges constituting their neutral state. 
Particle 7 has its neutral state charges redistributed, and ex- 
periences an attraction toward the wire c. This particle will 
actually move toward с unless it is forced to move toward the 
wire mesh cylinder due to collisions with its companions, which, 
like particles 5, 6, 8, and 9, have had the positive charges of 
their neutral states already neutralized by contact with or a 
near approach to the wire c, and then are hurled toward the 
grounded electrode or wire-mesh cylinder. 

When such particles have once reached the grounded elec- 
trode, they sink more or less aimlessly down the inner wall of 
this electrode, (provided they have not passed through the mesh), 
and finally reach the lower apartment B, where they may again 
be caught up with the ascending air current and repeat their 
experiences. The behavior of particles of finite dimensions, 
such as those described, is accounted for by the so called polar- 
izing action here described. 

When other particles become of very small size, of ultra 
microscopic dimensions, it is doubtful as to whether the polarizing 
action plays as prominent a part in the phenomena of electrical 
precipitation, as do the electron streams, or the coronal radia- 
tions and the accompanying secondary ionization which results. 

In Fig. 2 the glass cylinder surrounding the wire-gauze cylinder 
of Fig. 1 was removed, and simultancously with the application 
of a strong suction action at the top of the apparatus, a current 
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of air laden with finely suspended particles was forced into the 
left end of the cross pipe A, as indicated by the arrow. 
The slight in-draught of air through the wire mesh prevents any 
appreciable passage of the suspended particles out through the 
mesh. Ав this experiment proceeded some of the particles 
carried in suspension in the gaseous stream were deposited, as 
at а and b. 

Upon closing the circuit as in Fig. 3 а change quickly took 
place. The particles, which in Fig. 2 had been moving aimlessly 
along with the gaseous stream, were now acted upon by the 
electrical forces, because they were hurled bodily out through 
the wire mesh with considerable velocity, and to a distance of 
several feet. Тһе polarity of those particles, which had not 
collided with the grounded electrode, or otherwise given up 
their negative charges while they were passing through the mesh, 
was easily determined by the gold-leaf electroscope. 

The general appearance was that shown in Fig. 8, in which 
scarcely any of the suspended particles, for the given suction 
draft, traveled far enough upward to reach the upper end 
the wire mesh cylinder, and this took place notwithstanding 
the in-draught of air through the mesh due to the suction action 
applied by the fan. In this case there was a noticeable increase 
in the deposit at b. Referring now to Fig. 4, the six-in. glass 
cylinder encloses the wire mesh cylinder in the manner described 
in connection with Fig. 1. Тһе circuit is closed as in Fig. 3, 
and the space between the wire mesh cylinder and the enclosing 
glass cylinder soon become filled with the particles which have 
experienced a motion radially out from the wire c, under the 
action of the electrical field. 

When the suction fan alone is used to draw tHe particle-laden 
gaseous stream through the apparatus, the suction velocity may 
be so adjusted that no solid particles are present 1n the air or gas 
delivered from the suction fan. When this is the case, the space 
between the wire c and the wire mesh become more and more 
cleared of suspended particles as the top of the apparatus is 
approached, and the density of the suspended particles deposited 
in the space outside the wire mesh, is somewhat as represented 
by the depth of shading. Just as soon as this space becomes 
filled with solid particles, the continuance of this electrical action 
gives rise to a perfect shower of particles or aggregates of 
particles traveling down the inner wall of the wire mesh clyinder, 
and passing right through the ascending particle-laden gaseous 
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stream, are deposited or precipitated as at b. Cold soot from 
soft coal, cold blast furnace dust, cement and alumina dust, and 
other fine particles have been tried with almost identical results. 
Fig. 5 gives the general form of the rectified current wave used 
in these experiments. Тһе central parts of both lobes of the 
cycle were used and the mean value was between one and two 
milliamperes. | 


THE PRECIPITATION OF SMOKE, CEMENT Dust, ALUMINA Dust, 
ASHES, ETC. 


In the non-conducting type of particles or at least those only 
slightly conducting, is included a large number, of which the 
above are prominent examples. 

In the presence of intense electric fields, and apart from possible 
initial ionization due to high temperatures of the gases, or chemi- 
cal action taking place at high temperatures, the ionization, 
which takes place between the electrodes due to electronic and 


Rectified Current Lempe Rectifier 
Non-Inductive Load 26,000 Volts 


Fic. 5 


ionic streams, would sweep the particles to that part of the field 
which is the weakest, or strongest, depending upon their specific 
inductive capacitances. This weakest part of the field,is located 
at that electrode which has the larger surface, such as 1s the case 
of a cylindrical pipe within which is placed coaxially a wire 
of small diameter. For a given length of such a cylindrical 
pipe, the suspended charged matter 1n the gaseous stream which 
is made to pass through the pipe, in order to reach the inner wall 
of the pipe before it passes out of the electric field between the 
wire and pipe, must move with such a velocity lengthwise of 
the pipe as will allow it to move in the same time a maximum 
distance equal to the radius of the pipe. Under these conditions, 
heavy aggregates, which move more slowly than finer ones, re- 
quire a longer pipe of the same diameter for the same pipe 
velocities. 

А precipitator based on these principles was designed by Dr. 
Strong and the writer, and Figs. 6,7, and 8 give the general 
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appearance of the top of the outfit, when 900 cubic feet of 
coal smoke was moving through it, at a velocity of about five 
feet per second. Two circular groups of eight and seventeen piesp 
respectively, each pipe four feet long, and five inches in diameter, 
are firmly jointed to two end headers, to which the fine wires are 
attached, to keep them in rigid position. Fig. 9 gives a sec- 
tional view of this precipitator. 

While it is understood that ionic streams may be produced in 
varying degrees of intensity by point, brush, and corona dis- 
charges, it is with the last named type of discharge that this 
precipitator operates. The positive and negative corona dis- 
charges, respectively, between the 
wires and the pipes as the active and 
grounded clectrodes, for still air, are 
represented in Figs. 10 and 11. The 
original photographs were taken at 
night with the precipitator placed 
horizontally and the voltages em- 
ployed were slightly less than the 
break-down values. When the wires 
as in Fig. 10 were maintained as the 
positive electrode by means of a 
mechanical rectifier of the Lempe 
pattern, the large patches or clusters 
of coronal glow, which constituted the 
positive corona discharge, occupied 
ncarly the entire cross-section of the 
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pipe. -> | CHAMBER 
Fig. 11 shows the wire as the ncga- 


tive clectrode. In this case the coronal glow is very limited 
in its depth radially, being at best only a few millimeters. 
Fig. 12 gives the appearance of the alternating-current corona. 

Comparing the cleaning action of the positive and negative 
corona discharges with that due to an alternating corona, the 
following values give an idea of the relative efficiencies of the 
three kinds of discharges: 
| 1. The alternating corona precipitates about 50 per cent of the 
suspended matter. 

2. The positive corona precipitates about 70 to 80 per cent of the 
suspended matter. 

3. The negative corona precipitates about 95 to 98 per cent of the 
suspended matter. 
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PLATE XXII. 
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Fic. 11— NEGATIVE CORONA IN CYLINDRICAL PRECIPITATOR 


iNESBIT] 
Fic. 12—ALTERNATING-CURRENT CORONA IN CYLINDRICAL 
PRECIPITATOR 


1915] NESBIT: ELECTRICAL PRECIPITATION 519 


The unfitness of the alternating-current corona discharges 
arises from the fact that the reversal of the polarity of the active 
electrode, at which the field is very intense, results in a greater or 
less reVersal of the direction of motion of the electrons and ions 
which are already on their journey toward the walls of the pipes. 
By this action many of the ions are more or less partially pulled 
back into the central region of the pipe, and before they ever 
reach the walls or an equivalent distance from the wire, the 
smoke or dust particles thus charged may have been carried 
out of the pipe and thus do not suffer precipitation. 
. With hot air passing through the precipitator, and with a nega- 
tive corona the breakdown voltage is somewhere near 32,000. 
For cold air the voltage was slightly greater. With a positive 
corona the voltage was lower with both hot and cold air. Very 
httle difference in the voltages, from those given for cold air 
were detected in the use of cold smoke. 

With smoke so hot that tar trickles down the central wire or 
active electrode, and also down the pipe walls, the voltage had 
to be decreased from 33,000 to about 28,000, 1n order to prevent 
violent disruptive discharges. Unless there is much moisture 
present, or the ingredients in the gaseous streams are sticky in 
nature due to their high temperature, there will be but little 
deposit on the electrodes. In any event, such a deposit suffers 
a tendency to be dislodged due to the slight vibration of the wire 
or the occurrence of a disruptive discharge of short duration. 
This variation in voltage must be brought about by a һапФ ог 
automatic regulation,in a very short time, in order to avoid the es- 
tablishment of anarc. If theimpressed voltage is not too near the 
breakdown value, a disruptive discharge may continue for several 


seconds and then break, giving way again to the silent discharge. 
The presence of fine points or irregularities on the inner walls 


of the pipes tends slightly to localize the discharge. Fine points 
due to hardened deposits, kinks in the wire, or rough spots on 
its surface very materially localizes the discharge from the active 
electrode; and even though there may be many such local dis- 
charges, the cleaning action of such discharges is much below 
that of the perfectly uniform field about a smooth wire although 
it may have considerable deposit on it. 

Smoke, or other suspended particles contained in the gaseous 
streams, passes with considerable freedom from being precipitated 
through the positive corona, the alternating corona, or the 
localized type of discharge. 
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With the cvlindrical pipe type of precipitator described, about 
the same efficiency of cleaning was obtained for a number of 
materials, such as ashes, alumina and cement dusts, fine powdered 
clay, sand, and hot and cold smoke. х 


APPLICATIONS OF ELECTRICAL PRECIPITATION 


A study of electrical precipitation processes and apparatus, 
applied to the cleaning of producer and blast furnace gases, is 
a field in itself of immense value to all interested in the steel 
industry. We must admit that proper methods of firing furnaces 
whether in power plants, mills, factories, or our homes, and either 
by hand or mechanical devices, will do a great deal to climinate 
a large amount of our inexcusable smoke nuisance. However, 
there are many instances, where through limitations of furnace 
room space, equipment, etc., the furnace, fired by hand or by 
а stoker, is called upon to do a duty two or three times its 
normalrating. Under such conditions an clectrical precipitation 
outfit might be of service either continually or at intervals, 
because 1% will precipitate the ash as well as the carbon particles. 

The mechanical stoker, when properly used, eliminates very 
largely the carbon constituents of smoke by providing conditions 
of more perfect combustion but it gives no aid 1n eliminating the 
discharge of ashes from the stacks of our mills and factories, or 
the chimneys of our homes. This item is one greatly in favor 
of the electrical precipitating processes when cleanliness as well 
as recovery of finely divided particles is the issue. 

Other methods which are non-electrical, and which have found 
more or less favor in removing suspended matter from gaseous 
and fluid bodies аге: (a) Settling. (b) Centrifugal. (c) Wash- 
ing. (d) Filtering. 

SUMMARY 

Electrical precipitation may be accounted for by considering 
the phenomena of ionization, and the laws of electrically charged 
bodies. 

A molecule or group of molecules of any substance in the neu- 
tral state constitutes a material system in electrical equilibrium 
under the action of its own component electrical charges and 
these component electrical charges are capable in an elcctrical 
field of becoming detached from each other and from the matter 
with which they are associated. 

Nature furnishes, on an enormous scale, an illustration of the 
first steps in the electrical precipitation processes as well as the 
actual precipitation of suspended matter itself. 
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The addition of an electron to a molecule or a group of mole- 
cules, or a particle of finite size, such as a dust or smoke particle, 
gives rise to a negatively charged ion or negative ЯББІСЕНІЕ; 
which will be acted upon by an electrical field. 

When an electron has been removed from a molecule, a group 
of molecules, or a material particle, it gives rise to a positive 
ion, ог aggregate, which, while it exists, will travel toward the 
negative electrode. 

The size of the charge on the negative or positive ion depends 
upon the number of electrons which have been added to or re- 
moved from the molecule, group of molecules, or material particle. 

Raising the temperature of a gas increases its electrical conduc- 
tivity;a larger number of ions of one or both kindsare present, апа 
these gaseous 1ons, independent of the ions which may be formed 
from matter held in suspension, serve as conveyors of electricity. 

Ions may become the centers about which aggregates will be 
formed; and from this view point we may account for the ele- 
vation of potentials by the forming of the aggregates, and the 
lowering of the potentials by splitting them up. 

The principal ionizing agents are Roentgen and' Becquerel 
rays, cathode and other rays, the electric ficld, heat, flames, ultra 
violet light, and chemical action. The most prominent of these 
ionizing agents in electrical precipitation are heat, the electric 
field, cathode rays, and chemical action. 

When the temperature is sufficiently high to produce a red 
or white heat the velocity of some of the electrons becomes so 
great that they are able to escape from the metal, thus all hot 
and incandescent surfaces become the seat of a more or less 
intense stream of electrons and positive and negative ions. 

This ionizing action of high temperatures has some effect on 
the migration velocities attained by the particles suspended in 
a gas, when they come into an electric field. 

At low temperatures, gases, as well as their suspended matter 
may have little or no initial ionization, consequently the electrical 
conductivity is practically the same 1n either direction, and the 
suspended matter suffers little or no tendency to travel in 
the direction of the field. 

For equal flow of current through gases, between two eiec- 
trodes, the relative dimensions and positions of the electrodes 
and their polarities, will determine the potential under which the 
electric field must be established to give the most efficient pre- 
cipitation. 
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The electrical precipitation of suspended solid or liquid par- 
ticles of the non-conducting type, depends upon the intensity of 
the electric field, the quantity of gas to be treated and its tem- 
perature, the degree of initial ionization, and the type of corona 
discharge employed. 

Very little if any difficulty is experienced in treating soft coal 
smoke if the temperature is low enough, and little or no deposit 
forms on the electrodes. | 

Тһе use of the negative corona, while somewhat more difficult 
to maintain as judged by the coronal glow,—as the break down 
voltage is approached, 1s the most effective in precipitating par- 
ticles in gaseous streams; and this is no doubt largely due to the 
high electronic and ionic velocities associated with this type of 
corona discharge, or electric discharge in general. 

Any roughness or fine points on either of the electrodes of a 
precipitator tends to localize the discharge, and through such 
fields the particle-laden gaseous streams may pass without 
suffering precipitation of the suspended matter to the same ex- 
tent as when the ficld is uniform. 

Two important fields of application fbr electrical  precipi- 
tation, provided the liabilities of danger are eliminated, are in 
connection with the cleaning of producer and blast furnace gases. 

Electrical precipitation of soft coal smoke takes care of the 
ash as well as the carbon products. 


2 


Presented at the 3d Midwinter Convention of 
the American Institute of Electrical Engineers, 
New York, February 19, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


PRACTICAL APPLICATIONS OF ELECTRICAL PRECIPI- 
TATION AND PROGRESS OF THE RESEARCH 
CORPORATION 


BY LINN BRADLEY 


ABSTRACT OF PAPER 


The technical and finanical progress made by the Research 
Corporation since its organization in 1912 is given, and several 
plants are described. Voltages, electrode spacings, power con- 
sumption, etc., are given for several installations. Mention is 
made of a number of improvements in the electrical apparatus 
and means for its control. Progress has been made towards 
standardization of apparatus for this work. 

The paper is illustrated with reproductions from photographs 
of installations in various stages of operation. Curves and charts 
show the peculiar character of the circuit, the method of obtain- 
ing data to be used in designing treaters and of conducting tests. 
Alternating current of 250,000 volts, has been rectified and used 
for precipitating particles from gases. Fumes have been separ- 
ated into fractions by mcans of temperature control and the 
electric processes. 

A selected bibliography is included. The statement 1s made 
that within three years time the original capital of $10,100 has 
been paid back to the stockholders, and that a fund of over $150,- 
000 has been accumulated from the corporation’s work, to be 
used for scientific research. 


N CONNECTION with its development and administration 
of processes for removing from gases finely divided particles 
suspended therein, the Research Corporation has not only de- 
voted considerable time and effort to consideration of the 
theories, but also has endeavored to successfully adapt them 
to a great variety of practical conditions, and to further strengthen 
and standardize the art. Тһе history and theories of elec- 
trical precipitation have been described elsewhere! so it is 
not necessary to review them in this paper, and, moreover 
it 15 considered undesirable to do so because of the wide field 
to cover in recording the practical and commercial results al- 
ready achieved. 
The article by Dr. F. G. Cottrell, appearing in the annual 
report of the Secretary of the Smithsonian Institution for the year 
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1913 (only recently issued) gives an excellent outline of the work 
up to the time when it was submitted to the Public Printer. 
The present paper aims to broadly cover the work to date, 
including many things not given in previous articles. 

The task of solving the numerous technical problems en- 
- countered has been so exacting of time and effort that hereto- 
fore it was considered best to refrain from publishing the results 
of the work and information as to our progress uncil the processes 
had been’ proved and the organization and the financial position 
of the corporation were advanced sufficiently to insure its com- 
mercial stability. The invitation to present a paper was finally 
accepted not only because it was believed that sufficient pro- 
gress of a very definite nature had been made to warrant some 
statements, but also because it was believed that a report upon 
the progress and developments would prove to be interesting and 
valuable to members of this Institute. 

The experimental work and the theoretical phases of elec- 
trical precipitation are replete with many interesting actual 
facts,—and also with apparent facts; and it is these latter which 
sometimes prove to be dangerous pitfalls. Тһе difference be- 
tween a successful and an unsuccessful installation often is very 
little from an electrical engineer's point of view, because the 
various other chemical and engineering features often are much 
more difficult of solution. Partly for these reasons we consider 
that the knowledge and experience gained through close con- 
nection with the wide range of practical work are among our 
greatest assets. Of course it is to be supposed that improve- 
ments and refinements will continue to be made from time to 
time, but it is hardly to be expected that radical departures 
from present fundamentals will be made in the near future. 
The valuable theories and formulas probably will follow the 
practical work, as is usual in this type of work. 

Probably a great majority of the Institute's members are 
aware that high-potential electricity was employed for deposit- 
ing or condensing particles suspended in gases many years ago, 
and that the accompanying phenomena could readily be demon- 
strated in the physicist's laboratory. Nevertheless it is a fact 
that use of the high-tension electric field for this purpose was not 
made commercial until in recent years, and that full credit is 
due Dr. F. G. Cottrell for having made this possible. In this 
connection the following remark is pertinent to a comparison 
of theory and industrial application. А well known chemical 
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engineer, who invented some valuable processes and has made 
them commercially successful, has stated that after one has 
completely solved all of the problems which it is apparently 
possible to solve in a laboratory, and has obtained comprehen- 
sive patents and has thoroughly studied the conceivable the- 
ories, and therefore is liable to consider his work almost finished, 
he is rudely awakened when confronted with the cold, hard 
fact that fully 90 per cent of the real work remains to be done. 
It may not be possible to calculate the similar ratio between 
theory and practise in connection with electrical precipitation, 
but it is certain that the practical and commercial end has 
demanded an enormous amount of time and effort. If all the 
problems were of one type and they required only a knowledge 
of how to obtain a suitable electric field, the administration and 
development of the technical work in this particular case would 
be much less exacting in time and effort. Тһе variety of prob- 
lems and conditions, to which requests have been made to 
apply the processes, has been very extensive as one can readily 
observe from the information given in a later part of this paper. 
Nearly every problem which has been investigated by us has 
required that engineers of our staff not only fully understand 
our own processes but also be well acquainted with other 
details of the operations conducted at the plant in question. 
The Research Corporation was organized in New York City 
early in the ycar 1912, onc of its specific duties being to administer 
the patents assigned gratis to it by Dr. F. С. Cottrell and his 
associates, E. F. Heller, Edmund O'Neill, апа H. E. Miller, 
thesc patents being in the fieid of clectrical precipitation. The 
reader is referred to Dr. Cottrell's articles for the details of the 
gift and of the corporation’s purposes and aims.? The total 
capital paid into the treasury was $10,100., out of which 
all expenses for organization, office equipment, salaries, etc., 
had to be paid until other income was obtained from the 
work. As the stockholders were prohibited from ever ob- 
taining any profits from their holdings, it was considered 
unwise to administer the work along lines which might com- 
pel the Corporation to request more subscriptions to iis 
stock. Also, and for similar reasons, our operations were so 
conducted that no financial obligations would accrue to either 
the stockholders or the directors. Therefore, one of the require- 
ments of our earlv contracts was that the client had to pay all 
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expenses incident to our work upon his problem, and in addition 
thereto had to pay to us certain stipulated sums of money for 
technical services. While this was not the most ideal arrange- 
ment, nevertheless it should be realized that the adoption of 
such policy made it possible to prove and stabilize the work 
without resorting to the further sale of shares of stock. This 
latter feature was especially desirable because the founders of 
the Corporation, and especially Dr. Cottrell, desired to prove 
and to emphasize the tact that a large sum of?money was entirely 
unnecessary for starting and proving the work and making the 
Corporation a financial as well as a technical success. One 
thought was that the industries benefited by its work should 
contribute to the support of the altruistic movement. Results 
have proved the contentions and all the parties who assisted 
so earnestly and capably, as outlined herein, are entitled to 
thanks for their generous support. 

The technical situation of the electrical precipitation pro- 
cesses in March 1912 was about as follows: 

A commercial installation was condensing sulphuric acid mist 
at the Selby Smelter in California,’ this having then been in 
successful operation for at least two or three years. This in- 
stallation was designed and superivsed by Dr. F. С. Cottrell 
assisted by Н. А. Burns. It is in steady operation at the present 
time. 

Another installation was made on lead roaster gases at the 
Selby Smelter, but it was not continued, due primarily to the 
physical condition of the precipitated material, and because the 
farmers still complained’ of the sulphur dioxide which, pass- 
ing through the treaters as a gas, the processes were not ex- 
pected to and of course did not remove. 

Some experiments‘ had been made by Dr. Cottrell assisted 
by Mr. Burns at the Balaklala Smelter in Shasta. County, 
California, and a large installation was subsequently made for 
treating all the gases passing in the main flue. This large instal- 
lation removed from 80 per cent to 90 per cent of all solids, and, 
had it not been shut down pursuant to a court order obtained 
by the farmers and likewise based on the sulphur dioxide con- 
centration in the stack gases, and abandoned before final test- 
ing and adjustments could be made, it is reasonable to expect 
that the percentage of solids removed by the processes could and 
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would have been increased considerably. Recent experience 
with similar problems certainly warrants such a statement. 

They also installed a treater in a sulphuric acid plant a few 
miles north of Berkeley, California, which successfully collected 
all the sulphuric acid mist, but it was not kept in industrial 
use, because of the existence of certain commercial arrange- 
ments which concern sulphuric acid manufacture by the contact 
process. Mr. Burns superintended some experiments in a sul- 
phuric acid plant at Bayonne, N. J., a few years ago, the object 
being to remove dust from hot burner gases. Experience with 
details of the processes were more limited then than now and the 
result was that the testing was discontinued before conclusive 
results were obtained. It may be of interest that recently we 
undertook this same problem at another plant and the results 
were successful and a commercial installation is now to be made. 
The difference between the results at the respective places was 
due more to mechanical features and control than to any in- 
herent faults of the electrical precipitation processes, even as 
originally applied. 

Dr. Cottrell and his associates also successfully employed 
high potential electricity for separating water from crude oil, 
when these ingredients were obtained from the California oil 
wells in an emulsified form, but as these patent rights are not a 
part of the Research Corporation's holdings, no further mention 
will be made of them in this paper. 

Mr. Walter A. Schmidt? undertook to adopt the electrical 
precipitation processes to the existing conditions at the Portland 
Cement plant near Riverside California and early іп 1912 һай. 
made excellent progress, having up to that time installed one 
complete treater unit for the gases from one rotary cement kiln. 
Ten units are now in continuous operation at that plant, col- 
lecting in the neighborhood of 100 tons of dust daily. 

After experimental work had progressed satisfactorily at 
Riverside, and the Balaklala installation had ceased operating 
because of the sulphur dioxide controversy, Messrs. Howard 
and Rathbun started experiments with the electrical processes 
at the Garfield Smelter of the American Smelting & Refining 
Company, the immediate problem being to remove the solids 
from the gases coming from copper matte converters. These 
gases carry a considerable quantity of lead compounds together 
with other metal values. The principal object of the fume col- 
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lection was to save the values. Mr. Barker succeeded Mr. Rath- 
bun in this work, the latter having resigned to accept a position 
as Chief Electrician of a large smelter in British Columbia. 
When the Research Corporation was organized, the work at Gar- 
field was still in the experimental stage. During the summer and 
fall of 1914, the large installation at Garfield was completed and 
the entire volume of converter gases is now being successfully 
treated, with a reported collection of over 95 per cent of the sus- 
pended matter. The Garfield installation is in the territory 
controlled by the Research Corporation. 

The above condensed record shows the extent to which the 
electrical precipitation processes had been developed when work 
was started in the eastern part of the United States by the 
Research Corporation. Naturally, it may be surmised that al- 
most innumerable schemes were tried апа that many elaborate 
and complex laboratory experiments were conducced prior to 
1912 in connection with. efforts to explain the apparent in- 
consistencies and to make the processcs most widely applicable. 
It seems that in the earlier periods of scientific and complex 
technical work, it is the usual experience that a great amount of 
time and effort is devoted to very intricate and difficult methods, 
and that the simpler and more practical methods of accomplish- 
ing certain desired results are not adopted until a later period. 

It 1s reasonable to expect that processcs for this kind of work 
must operate simply and reliably if they are to succeed in the 
greatest variety of problems and to the highest degree. The in- 
duction motors of modern types represent a good model to be 
kept in mind when developing such a ficld, as they perhaps 
come nearcst to being foolproof of any electrical apparatus now 
in gencral use. "This goal may be too much to hope for electri- 
cal precipitation but it is well to strive for it. Our plans and 
efforts have been guided considerably by such model as we have 
striven to improve and standardize these processes. 

It does scem strange at first thought that the electrical pro- 
cesses were first successfully used in a commercial way for the 
precipitation of sulphuric acid mist, which material had pre- 
viously been, and even to this date is, one of the most difficult 
materials to collect by ordinary methods; but, happily, by the 
electrical processes, this material 15 handled with greater ease 
than most any other. This mist consists of extremely small 
drops of sulphuric acid, generally containing some free water. 

The following brief statement 1s made at this point for the bene- 
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fit of those who may not be so informed. To remove from gases 
either solid or liquid particles carried in suspension therein, the 
present method is to subject the gases and suspended particles 
to the action of a strong electric field maintained between so-called 
“collecting electrodes " and “ discharge electrodes,” the latter 
being insulated from the former and connected to a suitable 
source of high electric potential. Alternating current fails to 
give the kind of ficld most desired, therefore the polarity of the 
“ discharge electrodes " generally is kept fixed, the current 
flowing between the electrodes through the gases being essen- 
tially unidirectional. This is accomplished in practise by ѕсер- 
ping up single phase alternating -current to a rated potential of 
say 100,000 volts, connecting the '' discharge electrodes '' to the 
high-potential terminals of the transformer in such a manner and 
for such time as to produce the most suitable discharge from the 
“ discharge electrodes "апа maintain the desired potential dif- 
ference between the opposed electrodes. "The high-potential 
alternating current 15 changed into high-potential direct current 
by means of suitable rectifiers. Тһе gases are rapidly ionized 
and the suspended particles removed by the forces acting be- 
tween the electrodes. Maintaining the '' discharge electrodes ” 
negative with respect to the “collecting clectrodes”’ is the general 
rule. By use of apparatus designed by us, 250,000 volts a-c. 
has been successfully rectified and efforts are now under way to 
raise this figure to a much higher value. However, the diffi- 
culties encountered in handling such pressures are so many that 
these extreme potentials may not quickly come into general 
commercial use, in the immediate future at least. 

The potential difference between electrodes up to 1912 seldom 
exceeded 50,000 r. m. s. volts. In some instanccs the potential 
gradient near the so-called ''discharge electrodes " was very 
low and a brush discharge or corona was not readily obtained 
unless a pubescent surface was employed. This improvement 
in electrode surface is used at present in certain cases, but in 
most of the problems it is not considered particularly necessary. 
As the work developed, higher potentials were used and thus 
other fields were opened to the processes. 

The electrical equipment must be of such design and construc- 
tion as to be suitable for the peculiar type of circuit, and it 
should be compact, economical and foolproof and still allow 
and insure uninterrupted operation where desired. The trans- 
formers must be strongly built, but not too expensive. The 
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treater proper, which contains the so-called ''discharge elec- 
trodes ” and “ collecting electrodes," past which the gases travel, 
must be of such material and construction that corrosive gases, 
if present, cannot too quickly destroy it. It is good practise 
to design the treaters of ample proportions, easily accessible to 
the electrodes and insulators, and with due regard to conducting 
the gases into and out of it and to the location of flues, furnaces, 
stacks, buildings, etc. Under some circumstances it is desirable 
to treat the gases while traveling horizontally, while in others a 
vertical gas flow should be adopted. Sometimes special types 
of electrodes must be employed, but the variety of problems 
and conditions 15 so great that it is not considered desirable to 
endeavor to prescribe any general rules in this regard. 

The treaters must be arranged so that the dust, fume or liquid 
may be readily removed after deposition. In some problems 
a leakage of air into the gas to be treated is not harmful, while 
in others, such as the burner gases in sulphuric acid manufacture, 
dilution 15 objectionable. 

Suppose that the treater proper has been correctly designed, 
constructed and installed, and that the electrical equipment 
is suitable and in proper adjustment. It may be found that 
many and more difficult problems are yet to be solved; because 
a plant owner will not be satisfied unless the entire installation, 
of which the electrical apparatus and treater are but parts, oper- 
ates properly; particularly, the furnaces or other source of fume 
or dust must continue to produce quality and quantity as before. 
Detrimental influences should not be introduced into any portion 
of the plant. Actual examples have been encountered which 
illustrate the points quite well. In one case the flues were de- 
signed and instailed bv the plant's own engineers in such a man- 
ner that the natural draft was somewhat interfered with. In 
order to justify their own work they declared that the electrical 
processes had made it impossible to operate the furnace as before; 
but the fact is that the processes had nothing to do with the re- 
sults, as it was entirely a problem concerned with utilization of 
natural draft. In another case the processes were blamed on 
the ground that the collected product could not be conveyed by 
screw conveyors, although the plant's engineers admitted that 
they never had been able to convey similar material by that 
method. In the former case, we obtained our own gas data at 
the plant and then redesigned and changed the flues and stack, 
keeping the treater and processes as they were, and then were 
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able to demonstrate to and convince their engineers that not 
only could their furnace be operated and the dust removed from 
the gases by the electrical processes simultaneouslv, but, more- 
over, the capacity of that particular furnace was increased so 
that it produced about 10 per cent more finished material than 
any other similar furnace they had, and also the quality of the 
product was even better than before. In the other case, the 
material was slightly modified in chemical composition by intro- 
ducing more dust into the gases, and the resuit has been that the 
material is now being conveyed and the electrical processes аге 
therefore considered successful, although the change was merely 
one of local conditions having no direct bcaring upon the pro- 
cesses themselves. | 

As has been stated above, the difference between success 
and failure is sometimes very small, and yet some persons re- 
main somewhat skeptical even after a '' near-failure ” has been 
converted into a success, because they are unable to see just 
how the seemingly unimportant (to them) changes could pro- 
duce such а “ magic" effect. One could relate some really 
amusing incidents in this connection. In one particular case, 
when it seemed to Бе impossible to satisfactorily collect the dust 
from certain gases by means of the processes, a number of things 
were tried in. regular order, hoping that some of the schemes 
would bring a solution of the problem. It is interesting that the 
very changes that eventually insured success had previously 
been discarded as worthless in earlier work, owing to false 
assumptions as to some of the apparently minor details. Such 
experiences indicate the wisdom of weighing most carefully the 
effect of all local conditions when difficulties are encountered. 
For some time past, however, more rapid and sure progress is 
made, because it is much easier to detect the causes of the various 
troubles, and once known they are quite readily corrected. 

А partial record of the results obtained since 1912 is given 
below. | 

The first problem undertaken since that time was to recover 
the valuable fumes from silver refinery gases at the Raritan 
Copper Works, Perth Amboy, N. J., after they had passed 
through a water scrubber which was supposed to recover prac- 
tically all of the values. In this installation very corrosive 
gases were encountered. Many materials of construction were 
experimented with,—even ductile tungsten, which, at that time 
(1912), was not readily obtainable. The construction problem 
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finally was solved by the usc of heavy cast iron in parts and а 
mixture of lead and antimony for other parts. Insulation and 
natural draft troubles also were encountcred but finally they 
were overcome with the result that the installation has already 
saved several thousand dollars worth of valuable fume. The 
power consumption 1s about 2.5 to 3 kw. and the voltage aver- 
ages about 35,000. Recently we have installed some 12-inch 
and some 24-inch diametcr lead pipes for additional treaters 
which are of very simple construction. These operate very suc- 
cessfully and mark a distinct advance over the old type treater 
in several respects. Lately there has been installed at this plant 
a 10-kv-a., 25-cycle single-phase 100,000-volt transformer, a 
500-гсу. per min. motor-generator set, and a large rectifier. 
With this equipment greater spacing between electrodes is pos- 
sible and the operation is generally improved. · Occasionally 
some of the deposited fume, which is a good conductor of elec- 
tricity, drops between electrodes and draws a heavy arc. This 
used to cause the automatic circuit breaker to open and an auxi- 
liary circuit to ring a bell and notify the attendant. An auto- 
matically operated mechanism was developed апа installed 
thus overcoming this trouble and increasing the values recovered. 

A small treater was installed or the Vulcan Detinning Com- 
pany for removing hydrated tin chloride from a small quantity 
of gases, these being the exit from a chlorine detinning plant. 
The hydrochloric acid, free chlorine and tin chloride together 
consticuted one of the worst fumes for human beings that we 
have yet encountered. Тһе tin chloride and a portion of the’ 
acid and the chlorine were recovered but the final installation 
never was completed because the plant manager feared that 
water vapor might be drawn back through the treater and into 
the anhydrous gas lines, thus closing them and stopping opera- 
tions due to a solid compound resulting from the reaction be- 
tween the water and the anhydrous tin chloride. "The original 
 treater insulation was not fully satisfactory, although it per- 
mitted most successful operation if it was occasionally cleaned. | 
A modified treater of simple construction was suggested whereby 
all the remaining difficulties could have been overcome, but it 
was not installed. The electrical equipment easily and com- ` 
pletely precipitated the tin compounds for which it was installed, 
but for various commercial reasons the use of the processes was 
discontinued. With the present knowledge and the experience 
gained since then, the problem could be easily and cheaply solved 
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even with the original electrical equipment. Тһе problem of 
insulation at the point where the high-tension current entered 
the treater was really the most difficult tosolve because of such 
fumes; the later designs overcame this. 

During the time a treater was first operated by the Balbach 
Smelting & Refining Company, on the gases from cupel furn- 
aces, the value of the material recovered did not warrant its 
continuous operation. It was beleved that the losses were 
considerably greater than the actual collections indicated, so 
the treater was shut down and experiments thereafter were 
conducted upon a small scale, because of the greater ease of chang- 
ing conditions with a small apparatus than with the large treater. 
One purpose was to obtain a close estimate of the total fume 
values being lost from the furnaces, as this would decide whether 
work would be continued. Results of operations to date are 
highly encouraging and success upon the final scale is assured. 
The volume of gas is about 10,000 cubic feet per minute. ° 

Opinion was widely divided as to the probability of success- 
fully adapting the processes to Waterside Station No. 2 of the 
New York Edison Company, the problem being to remove 
cinders from the boiler plant gases. Nevertheless, for various 
reasons, efforts were made and the following conclusions reached. 
There was not sufficient available space for treaters in the build- 
ing to insure successfully treating all the gases, especially with- 
out imposing prohibitive restrictions upon the natural draft. 
Tests under ordinary conditions of installation showed that the 
cinders could be removed while moving at a velocity between 
10 and 15 feet per second without using water and that they could 
be cleaned at a considerably higher gas velocity when water 
was used; but the consensus of opinion was that tests should 
be discontinued until better assurance of success in this problem 
might be obtained. Perhaps this same type of problem will be 
again undertaken at some future date, as the prospects of success 
are much brighter now than formerly. 

Our tests at the plant of the Orford Copper Company, on a 
semi-commercial scale were successful. Various kinds of gases 
were treated and a large amount of data obtained which would 
be useful when the full scale apparatus was installed. The 
various flues, stacks, etc. were studicd, plans and specifications 
for equipment to handle all the gases were prepared and sub- 
mitted with our report. The values recoverable from the gases 
apparently would not be sufficient to warrant the heavy installa- 
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tion expense; therefore, before deciding to incur the financial 
risks incident to such a large installation, especially when only 
an alleged nuisance was involved, it was decided to await further 
developments. It is quite likely that the large installation 
eventually will be made at this plant. 

At the plant of the Hooker-Electrochemical Company, а 
large volume of air, containing a small percentage of chlorine 
gas, is treated for the removal of the latter. Hydrated lime 
dust 15 used to assist in the removal, and а few tons per day of 
weak bleaching powder are collected. Тһе volume of gas 15 
about 30,000 cu. ft. per min., with a power consumption of from 
3 to 5 kw. Weak bleaching powder, chlorine gas and hydro- 
chloric acid are not conducive to a simple insulation. problem, 
as can be readily imagined; nevertheless it was successfully 
handled, even for 50,000 volts. In this case our most difficult 
problems have not been concerned with the electrical processes 
specifically, but, on the contrary, have been to obtain a steady 
introduction of hydrated lime into the gas and at a given rate. 
Other mechanical problems were met and solved. Occasionally 
it has seemed odd that those concerned only with these electrical 
processes should have to devote any time and effort to extraneous 
matters, but unless they do, the electrical processes are liable 
to suffer condemnation; hence the assistant engineer іп charge 
must not only solve his own problems but must also solve 
the other man’s problems (although they may be only re- 
motely connected) in order to have his own work accepted. 

The gases from a hand-fired 80 h.p. boiler at the U. S. Bureau 
of Mines are treated for the elimination of black smoke when 
certain coals are being tested and it is not expedient to prevent 
the production of smoke. The removal of the carbon and other 
particles of the smoke is accomplished quite readily but the 
question of suitable disposal of the collected soot is still under 
consideration and some further tests are being made. As is 
to be expected, the results obtained thus far indicate that it is 
best to prevent formation of smoke whenever feasible, and not 
adopt methods for collecting it. But it should be noted that 
there are many places where, for local reasons or for immediate 
economy, it is best to install the electrical processes, as by them 
complete elimination of the smoke can be obtained readily. 
The treater contains twelve iron pipes 12 in. in diameter by 12 
ft. long, through which the gases pass. The high-tension elec- 
trodes are placed vertically so as to subject the gases to the forces 
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in the electric field throughout the entire length of the pipes. 
A pressure of about 50,000 volts is used, and the power consump- 
tion is approximately one kw. The exciting current of the trans- 
former is considerably higher than that of later transformers, 
and the power factor is low in comparison with other and more 
recent installations. 

Fig. 3 is reproduced from a photograph which shows the 
general arrangement of the treater. 

Figs. 4, 5, and 6 show the effect of the electric field upon 
the smoke, the first showing the effect when the electric circuit 
is open, and Fig. 5 shows conditions 30 seconds later. Бір. 6 
plainly illustrates how the smoke began to show itself at the 
. stack top when the current was stopped. Figs. 7 and 8 show 
the voltage off and voltage on. The results of the work to date 
may be summarized as follows: Тһе smoke can be precipitated 
readily; the insulation problem is not now a difficult опе. The 
treater can be constructed and operated within the limits of 
good practise with regard to corrosion; the power consumption 
is low; there need be no difficulty іп operating with natural draft 
if there is sufficient room to build breachings, treaters and 
stacks. Тһе apparatus can operate continuously, requiring but 
little attention; the most annoving question 1s what disposition 
shall be made of the collected material? It is expected that in 
the next few months something more definite can be stated re- 
garding this latter feature. Mr. А. F. Meston has charge of 
the details of this installation. 

Gases from sintering machines and roasters at Salida, Colorado 
were to be treated, but the tests made in the latter part of 1912, 
did not indicate that the values in the gases at the time was 
sufficient to warrant the expense of installation. The plant 
management had been endeavoring to reduce their lead losses 
to a minimum by close chemical control of the material fed to 
the furnaces. It is possible, however, that this plant may find 
that it is more desirable to use the electrical processes than to : 
exercise such careful control over the charge. Recent develop- 
ments have so reduced installation costs that the problem may 
be reconsidered, especially since the processes are now in suc- 
cessful use on similar gases at another lead smelter. 

Tests were conducted on a semi-commercial scale at the Kings 
County Foundry with results showing that complete recovery 
of the fume was feasible. The gases come from cupola furnaces 
in which old tin cans and other metal scrap are reduced to a 
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poor grade of iron which is made into sash weights. The fumes 
consist mostly of tin, lead and zinc oxides and the quantity per 
day is considerable. The cost of separating and refining the 
metals, when they are in the proportion as shown by analyses 
of the collected material, is such that the expense of the installa- 
tion has not yet been incurred by the company which proposed 
to operate it, and therefore the scheme has remained dormant 
since the completion of our tests and submission of our report. 
When a process has been perfected for treating these fumes 
economically so that the tin, lead and zinc can bring something 
close to their market value, the field 15 a good one in which to 
build up another by-product industry. As these sash weight 
foundries are operated at present it would be necessary to install . 
a fairly extensive svstem for cooling the gases down to a reason- 
able working tempcrature. Of course, such apparatus increases 
the cost and helps to make difficult the profitable collection of 
these fumes at the present time. 

Elaborate tests upon gas volumes, composition, temperature, 
fume content, etc. were conducted for the Chase Rolling Mill 
Company in order to secure reliable data upon which to base 
designs for full scale commercial installations. The fume is 
mostly zinc oxide originating at the crucibles in which zinc and 
copper allovs are produced. Many tests were conducted with 
the electrical processes while the gas conditions were varied as 
to velocity, temperature, сіс. The results were very gratifying, 
showing that the financial returns would рау well. Plans have 
been prepared for large commercial installations at the various 
locations and a contract for a portion of the installation has 
been awarded. Some very valuable data and information were 
obtained in the investigations at this plant and these will be use- 
ful in many other installations also. Early in the testing work 
at this plant such discouraging results were obtained that some 
of our own technical men considered it to be a hopeless task, 
and it was with great difficulty that they were induced to renew 
the work and carry it to so favorable a stage as it 1s now. ` The 
management of the plant kept its faith throughout the trying 
periods when tangible results seemed to be the exception, and 
its course is to be commended. Mr. P. E. Landolt had charge 
of the details of the work at this plant. 

Prof. А. Н. White has succeeded in cleaning the entire make 
of illuminating gas at the plant of the Ann Arbor Gas Company 
by means of the process, the installation requiring a very small 
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amount of power. The tar removal was practically complete. 
At times during the testing period the gas velocity past the elec- 
trodes was over 30 feet per second. The installation Iis very 
simple and compact, and judging from his reports, should war- 
rant its rapid and general adoption as standard equipment for 
this purpose by gas manufacturers. Prof. White plans to push 
this development quite vigorously throughout the summer 
vacation. His work is described in the American Gas Light 
Journal. 

An installation at Omaha, Nebraska for collecting sulphuric 
acid mist arising from so-called ‘ parting kettles” in a silver 
refinery, practically identical with the Selby, California, installa- 
tion was also very successful. Mr. H. A. Burns had charge of 
the details of this installation. 

The installation at Garfield, Utah is fully described by Mr. 
W. Н. Howard in the Bulletin of American Institute of Mining 
Engineers, August, 1914. It consists of seven units each of 
360 five-in. pipes, 2520 in all. The volume of converter gases 
treated is approximately 200,000 cu. ft. per minute. The col- 
lected material is quite high in lead, and several carloads have 
already been shipped for refining. It 15 a large, well constructed 
installation and is reported operating very successfully, the col- 
lection being about 95 per cent of total solids. Semi-commercial 
tests also were conducted upon main flue gases, coming from 
blast furnaces, roasters and reverberatory furnaces. These 
tests likewise were successful and eventually these gases also 
may be treated by the processes. 

The electrode spacing is 23 in., the potential about 30,000 volts, 
and the power consumption approximately 50 kw. The build- 
ing which contains the motor-generator sets, rectifiers, control 
apparatus and switchboard panels is one to be proud of. Mr. 
Howard was assisted by Mr. R. F. Barker to whom the details 
were delegated. 

Fig. 9 gives a general view of the treater. It is divided into 
seven electrical and mechanical sections. The converter gases, 
mixed with more or less air, come from the converter building 
through a long steel balloon flue, drop considerable of the heavier 
particles throughout the length of the flue, then enter the bottom 
header, pass upward through the five in. pipes, into the upper 
header, then through the long radius pipes into the main flue 
which also carries gases from other parts of the smeltery. The 
illustration was made prior to actual connection of the flue to 
the new stack which is in the right background. 
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The semi-commercial treater used early in the testing work 
at Garfield was subsequently shipped to Murray, Utah, and 
tests were conducted at the lead smelter with excellent results. 
The smelter already was equipped with a large and expensive 
baghouse, and for this reason it was not necessary to immed- 
iately install the electrical processes. The analytical results 
showed nearly 100 per cent of the suspended particles of fume 
and acid removed in the electrical tests, thus proving the effec- 
tiveness of the processes. 

Small scale tests were conducted on gases from sintering ma- 
chines at Tooele, Utah, carrying large amounts of lead, elemen- 
tary sulphur, etc., and upon gases from roasters, converters and 
blast furnaces. In all cases the results were satisfactory. Two 
large units are now in successful commercial operation on the 
sintering machine gases and it is planned to install several others 
on these gases as soon as possible, and later to install treaters 
on other flues at this plant as well. Each of the two units con- 
tains 48 pipes 12 in. in diameter by, 15 ft. long, placed vertically. 
The electrode spacing is six in., the volume of gas treated is 
approximately 20,000 cu. ft. per min., the power consumption 
measured at the transformer at present is less than five kw., the 
recovery of fume, when the treaters are not overloaded by forcing 
the blowers at the sintering machines, is practically complete. 
The fume contains a fair percentage of elementary sulphur, 
which formerly wrought havoc with baghouse installations, 
especially when it exploded. The potential on the treater as 
indicated by transformer ratio and primary voltage, is around 
70,000 volts. At this plant also some changes in the metallur- 
gical operations have resulted in a considerable reduction of the 
values lost in the fumes, hence the electric processes are not 
called upon to recover as much as was being lost a year or so 
ago. Figs. IO and 11 picture the small scale treater operating on 
these gases, and show the effect produced by the current. Mr. 
H. A. Burns has directed the detail work connected with the 
processes at this plant and he has been ably assisted by the 
smelting company’s technical men. 

Without having conducted any preliminary tests, a full scale 
t. ater was designed, erected and placed in operation for the 
Geldschmidt Detinning Company. The necessary alterations 
were very few and unimportant before a complete recovery of 
the tin compounds was being effected. The temperature of the 
gases sometimes reaches 800 deg. fahr. in the treater itself. 
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Occasionally the white fumes and black coal smoke alternate. 
One can then observe the successive layers of white and black 
fume precipitated upon the electrodes and by this aid can deter- 
mine if the gas speed in all compartments of the treater 15 prac- 
tically equal. There аге nine-12-in. iron pipes, the voltage may 
range from 60,000 to 80,000, the power consumption from 600 to 
1500 watts. Figs. 12 and 13 show the treater and some of the 
electrical equipment. 

A treater was installed without conducting any prcliminary 
test for the Milk Flour Company, as sufficient experience with the 
various influencing factors had been obtained to be able to make 
a successful installation without them. It is a very inexpensive 
outfit, used for collecting powdered milk, sugar, eggs, malt, grape 
fruit juice, etc. The powders are obtained from an evaporating 
plant wherein solutions, emulsions, etc., are deprived of their 
water by spraying the liquid into a current of hot air. The pow- 
der is removed from the gas before it cools sufficiently to allow 
deposition of the evaporated moisture. Excellent powdered 
organic materials are recovered in this manner at a small ex- 
pense. Several very interesting and some fairly important 
facts were learned from this installation. A small electrical 
treater was subsequently installed for removing dust from the air 
before heating it, thus insuring a food product free from dirt 
specks. It may be of interest to note here that a party once 
inquired if we could remove bacteria from ordinary air by these 
processes, and whether the ozone and nitrogen oxides would 
render the air more healthful. Fig. 14 is a general view of the 
treater. á 

In response to a telegraphic request apparatus was shipped to 
the Washoe Smelter, Anaconda, Montana, to be used for re- 
moving valuable metals and acids from gases arising from a 
modified MacDougal roaster, in which the Anaconda tailings 
were being subjected to an oxychloridizing roast under the direc- 
tion of their Mr. Laist. (Bulletin of A. I. M. E., August 1914). 
The gases at that time were being passed through a scrubbing 
tower without obtaining a complete recovery of the values. 
The electric apparatus and treater were quickly erected and tried 
out but at first with what was apparently unsatisfactory resulis. 
As similar phenomena had been encountered elsewhere it was 
possible to soon show that the cloud emerging from the treater 
омав due to moisture being condensed from the gaseous to the 
liquid condition upon the gases mixing with cold air, result- 
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ing in a condition of supersaturation for the temperaturc existing 
after admixture of the gases. It was also noted that if the 
furnace fires were poked so as to produce black smoke, no black 
. could be discerned in the cloud above the treater when the elec- 
tric field was on, but this was plainly visible when the current was - 
turned off ;—the difference between the white cloud (current on) 
and the dark gray cloud (current off) being very pronounced. 
This was a good indication that all solids were being collected 
and that by a study of certain meteorological tables the proper 
explanation might be had. The temperature of the gases going 
to the treater was then so reduced that no cloud would result 
after the gases had passed through the treater. The results then 
showed a complete clean-up when the current was on and a dense 
white cloud above the treater when it was off. Some photo- 
graphs were taken to show the remarkable effect and also the 
suddenness with which the electricity produced it. Some very . 
good moving pictures of these fogs or clouds and their elimina- 
tion were made at the time. Twelve-in. diameter lead pipes, 
20-in. diameter wood stave pipe, and 24-in. diameter stoneware 
pipes were tested and all proved successful. It was interesting 
to view the tops of the pipes while in operation. One could 
see an absolutely clean gas over the cross section, except at a 
short discance from the pipe on which the cold liquid was de- 
posited. One readily could observe how the fog was produced 
in a manner similar to a cloud formation when exhaust steam 
leaves a locomotive stack on a cold and humid day. The name 
“ tea-kettle-effect " has been suggested for lack of a more ap- 
propriate and shorter term. 

Examples of this effect have frequently been noted during 
tests elsewhere. The amount of “mist” formed after the gases 
were discharged from the treater varied with the temperature and 
humidity of the outside air. A typical calculation of such 
a condition will illustrate this point: 

In a test treater handling 1800 cu. ft. of air per min., at a 
temperature of 152 deg. fahr., ог 117 lb. of gas per minute, the 
air is saturated at 152 deg. fahr. (standard barometer) and 
carries 0.224 lb. of moisture іп the vapor form per pound of air, 
or a total of 26.2 lb. of moisture per minute. 

Assuming an outside air temperature of 42 deg. fahr. and 60 ` 
per cent saturation, and a sudden cooling of the discharged air 
to 52 deg. fahr. by mixing with the outside air, the heat transfer | 
is as shown by the following equation: 
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(117) X (0.24) X (152° — 529) + (26.2) X (0.46) X (152? - 
52°) = (X) X (0.24) X (52° — 42°) 
Where the specific heat of the air = 0.24 

the specific heat of the water vapor = 0.46 

X = 16. outside air per minute necessary to be mixed with 
the discharged air (neglecting radiation) to effect the cooling 
to 52 deg. fahr. and equals 1670 1b. 
Then the amount of moisture per lb. mixed discharged and 
outside air is— 


1670 X 0.0056 x 0.6 + 26.2 — 0.0179 Ib. 
1670 -- 117 

But the saturation point of air at 52 deg. fahr. = 0.008 1b. 
moisture per lb. air, so a “ mist" or “ fog” will form just above 
the top of the pipes. | 

This “ fogging out" has been encountered repeatedly in 
practise. When tests are made during the winter season, a 
visible ‘‘ mist" is formed after the gases are discharged from 
the treater, when warm saturated gases are discharged from 
treaters. During the periods of dry and warmer weather, the 
“ fogging out" is greatly decreased. 

In other cases, where the temperature of the discharged air, 
saturated with moisture, is only a few degrees above that of 
the outside air, no mist or fog is produced. It is possible to 
predict from calculations made in a similar manner whether or 
‘not a mist or fog will be produced under any given conditions. 

It is further possible to show by calculations whether mixing 
two or more gases, varying in temperature and in percentage 
of saturation, in given proportions prior to passing through the 
treater, will avoid this formation of a mist or fog, when the dis- 
charged gases mix with the outside air. 

The processes were for some time thereafter used in the 
tests at Anaconda to check up the furnace losses, as they could 
be depended on to collect nearly everything that escaped from 
it, and plans were being prepared for a large installation at the 
proposed leaching plant, but the later improvements 1n roast- 
ing and leaching made it unnecessary to add salt to the roaster 
and this in turn reduced the losses to such an extent that it was 
considered unnecessary to recover the values. 

Immediately after the leaching plant tests had been con- 
cluded an installation of the processes was made at the Arsenic 
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Plant where flue dust is roasted to remove the arsenic from the 
metal values, and then the concentrated arsenic is recovered 
and refined. The plan was to separate the mechanically carried 
impurities from the gases at a high temperature, next cool the 
gases so as to condense the pure arsenic, and then recover it 
directly, thus saving a second refining. с 

This was the first really serious effort made to use electrical 
precipitation as an adjunct in fractionating components of fume, 
although some previous attempts had been made at Perth 
Amboy, N. J. in our work there on the silver refinery fumes. 
The results at the Arsenic Plant showed conclusively that it 
was a feasible method and after sufficient data had been obtained, 
a commercial installation was designed and started but construc- 
tion work was suspended on account of the situation resulting 
from the European war and this installation has therefore not 
yet been completed; although reports state that it 15 now going 
forward. | 

Messrs. Elton, Dunn,’ Kellogg and Mitchell have been hand- 
ling the work at this plant during the latter period. They have 
also tested the processes on a semi-commercial scale on the gases 
from the blast furnaces, converters and roasters, and have 
obtained satisfactory results. They have even exceeded in 
size the three ft. pipe originally installed at the Arsenic Plant, 
by using an iron pipe four ft. in diameter as the collecting elec- 
trode, and a 250,000-volt transformer and mechanical rectifier 
to correspond. This latter is quite inexpensive although it is 
subjected to such enormous electric stress. 

Treating the enormous volume of gases in the main flue at 
Anaconda presents several problems. Іп addition to magnitude 
there are the numerous problems connected with the hand- 
ling of the fumes and dust and of their metallurgical treatment, 
so that it will be some months at least before any very definite 
progress can be reported. However, the results thus far obtained 
were so encouraging that the smelting company purchased a 
license for the use of the processes throughout their plants at 
Tooele, Great Falls and Anaconda, paid a large cash sum and 
now they are in position to make rapid progress with their 
installations. Тһе Research Corporation still has a financial 
interest in certain elements of the fume which are to be collected 
when the processes have been installed. Figs. 15 and 16 show 
the experimental leaching plant at Anaconda and the electric 


6. See selected bibliography. 
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treaters under various conditions of operation. Figs. 17 and 
18 show how completely the fume is precipitated by the electric 
processes, the views showing respectively the “ voltage оп” and 
“ voltage off" effects. The fume contained among other things, 
hydrochloric acid, sulphuric acid, dissolved sulphur dioxide, 
carbon, compounds of copper, silver, iron and arsenic. Figs. 
19 and 20 show the rapidity with which the processes act. In 
the latter a clear space is visible between the tops of the pipes 
and the cloud of fume above, the film having been exposed very 
quickly after the current was thrown on. Although this fume 
is an excellent conductor, no difficulty was had with the insula- 
tion. A potential of 63,000 volts (as calculated from trans- 
former ratio and primary voltage) was maintained on the treater. 

Fig. 21 shows various features of the first installation at the 
Arsenic Plant, the hot gases being treated in the three ft. iron 
pipe to remove the solids, and the smaller and shorter pipe being 
used to precipitate a fair sample of the arsenic condensed out 
of the gases when cooled by admission of room air. The first 
test gave a precipitate in the second treater carrying 99.4 per 
cent arsenic trioxide. А portion of the impurity was due to 
volatile compounds from the wood used for fuel. Coke fuel 
in place of wood gave arsenic of a higher purity, sometimes reach- 
ing 99.9 As;O;. The electrical equipment is shown in Fig. 22. 

At Catasauqua, Pa., is an installation for collecting potash 
Salts volatilized from feldspar. This is operating successfully 
although the volume of gas being treated is greater than was 
specified by the owner’s engineers. This undoubtedly is the 
first commercial installation in the United States built primarily 
for the production of potash salts, the residue being the by- 
product. At present the scheme as a whole is still in the ex- 
perimental stage, but the collection of the salts by the electrical 
processes is proved. Mr. J. C. Hale has charge of the details 
of this work. The treater was designed for 12,000 cu. ft. per 
min., but it handles as high as 18,000 cu. ft. per min. at times. 
There are 40 pipes 14 in. in diameter by 12 ft. long, the electrode 
Spacing being seven in. The temperature of the gases ranges 
from 500 deg. fahr. to 1000 deg. fahr. А potential of about 
70,000 volts (calculated as mentioned above) is maintained on 
the treater, low tension alternating voltage about 190, and am- 
peres 20 to 25. The power factor varies between 70 and 80 
per cent when operating on the hot gases and fume. This same 
treater has been tested with only ordinary air in it, and at that 
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time it was easy to furnish even more than 50 amperes to the 
transformer without any arcing in the treater. This is a good 
example of a difference in electrical conditions due to a change 
in the gas characteristics. | 

At this point it may be interesting to review some radical 
differences which we have observed due to certain predetermined 
changes in the gases, although the treater and electrical apparatus 
were the same in all tests. 


Transformer 
Transformer voltage . Watts Milamperes 
voltage high-tension input to line to 
low-tension (by ratio) transformer treater (d-c.) 
190 26,000 100 1.0 
190 26,000 180 4.0 
190 26,000 740 19.0 
235 32,000 930 18.0 
235 32,000 1600 35.0 


In neither of the above tests was the potential raised to point 
of spark-over, but the following figures taken from another set 
of tests, show plainly the difference in the amount of current 
which can be passed in г given treater and the apparent potential 
reached just before spark over occurred. The only factor 
changed was that in the latter case the gas was slightly modified 
or conditioned. 

Readings taken at voltage just under the sparking potential: 


Voltage Milamperes | : x 
h. t. by ra- h. t. 
tio d-c. 
е 
61,000 3.25 Gases unconditioned 
80.000 10.5 Gases conditioned | 


It will thus be seen that it is difficult, if not impossible, to 
predict what the power consumption and voltage may be fora 
specified gas until actual tests have been made. Тһе consider- 
able «ariety of gus conditions already encountered has made 
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it possible to divide gases into classes. Furthermore, methods 
have been developed whereby a close approximation of the 
required power and voltage may be obtained from the results 
of small scale tests. 

With a large treater containing many electrodes the effect 
of the corona load upon the transformer and source of e.m.f. 
is different from an ordinary resistance load, due to the fact 
that above a certain point the current flowing through the gas 
between the electrodes increases more rapidly with a given rise 
in potential than would be the case if the electrodes were shunted 
by an ordinary high-resistance metallic conductor. For these 
and other reasons it is best to employ certain potentials and elec- 
trode arrangements for some gases and others for gases having 
other characteristics. Also the mechanical handling of the col- 
lected material must be duly considered when designing a treater. 

Other problems upon which tests have been made with the 
processes are mentioned below. The most recent final installa- 
tion was made in Worcester, Mass. at the North Works of the 
American Steel & Wire Company for collecting volatilized 
hydrochloric acid, thus mitigating or eliminating a nuisance 
and preventing further damage to surrounding vegetation. 
The wire company’s own tests were so successful that it waived 
all requirements and asked that an invoice be rendered at once 
so they could make prompt payment and close up the account. 
No experimenting was required on this installation thus testify- 
ing to the thoroughness with which the preliminary survey was 
made before designing the apparatus. The exit gases are so free 
from acid that it is almost impossible to detect a trace of it even 
by delicate chemical mcthods. Table I gives the results of some 
tests on this installation conducted by the engineers of the 
American Steel & Wire Co. The treater is made of materials 
which resist corrosion. | 

In Cleveland, Ohio, at a sulphuric acid plant the gases 
come from an M. & H. kiln in which very finely divided 
zinc sulphides are roasted. Тһе sulphurous gases are to 
be freed from the suspended particles and then delivered 
to a Glover tower of a lead-chamber sulphuric acid plant. 
The gases are to be treated at a temperature of about 800 
deg. fahr. to 1000 deg. fahr. The gases contain some free 
sulphuric acid which tends to complicate the insulation prob- 
lem. However, our semi-commercial tests at this plant 
showed that the problems could be solved, and pointed the way. 
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Designs of several types of treaters were prepared and at a 
recent conference one design of a horizontal treater was de- 
cided upon and it 1s to be installed at once. "There are to be 
three sections, any two of which will clean the gases. "Thus 
one section may be repaired when necessary. Іп this problem 
it 15 necessary to conserve the sensible heat of the gases and to 
avoid their dilution with air as this would materially affect the 


TABLE I 
COTTRELL TREATER ТЕ5Т--Мовти Works 


Per cent 
hydroch- | Lb. acid | Indicated 
Water consumption | loric acid per hr. voltage 
----------------- discharge precip- at 
Date , Cu. ft. per Lb. water itated. rectifier. 
hr. 
1 2:30 p.m. to 3:30 p.m.! volts. 
Dec. 21 | 31.5 1969 0.455 8.959 50,000 
2 4:00 p.m. to 5:00 p.m. 
Dec. 21 49.8 . 3113 .462 14.382 62,500 
3 9:50 a.m. to 10:50 a.m. 
Dec. 22 40.2 2513 0.113 2.840 .! 50,000 
4 10:55 a.m. to 11:55 a.m. 
Dec. 22 | 42.7 2669 0.152 4.057 62,500 
5 2:45 p.m. to 3:45 p.m, 
Dec. 22 | „41-5 2594 0.138 3.580 45,000 
"rr ааа, Rue. Қызы” азы: 
Total 
Temp. of Out- Kw. input | Kw. input kw. input 
side air. Humidity Barometer | motor-gen. fan motor motor gen. 
and fan 
deg. fahr. 
1 28 66 20.2” Hg. 2.24 0.90 3.14 
2 31 66 29.2” Hg. 2.91 0.90 3.81 
3 27 | 69 29.4” Не. 2 24 0.90 3.14 
4 28 | 69 20.4” He. 2.91 0.90 3.81 
5 28 69 20.3” Hg. 1.57 0.90 2.47 


subsequent chemical operations. Mr. Р. E. Landolt super- 
vised the details of this work. 

An installation for collecting sulphuric acid mist coming from 
a roasting furnace is under construction for the Standard Essence 
Company, and since it is so similar to other sulphuric acid mist 
problems, no difficult features are anticipated. 

The problem has been surveved for the Duquesne Reduction 


1915] BRADLEY: ELECTRICAL PRECIPITATION 547 


Company; gas data as to volumes, temperatures, draft power, 
etc. was obtained; the volume of gas to be treated is about 
11,000 cu. ft. per min. at a temperature of 600 deg. fahr., tests 
with electrical equipment showed the probable amount of dust 
obtainable and indicated how a large treater would operate. 
Contracts have been let for the full scale installation and work 
is being pushed as rapidly as possible. The dust and fume con- 
tain tin, lead and zinc oxides, from waste-metals. Тһе  prob- 
able values are so large that an excellent profit is expected. 
The first treater will contain 48 pipes 12 in. in diameter. Messrs. 
A. F. Meston and H. D. Egbert handled these investigations. 

Similar data to that mentioned above has been obtained at 
a waste-metals plant of the National Lead Company. Тһе 
probable recovery of values strongly warrants the immediate 
installation of the processes and advices to that effect have 
recently been received. Тһе electrical process tests were highly 
satisfactory, and enabled one to obtain a dependable opinion 
as to the values now being lost, practically all of which can 
be collected readily. Mr. C. I. Weir had charge of this problem. 
The outcome of the investigations and tests is very gratifying, 
especially when it is known that some of their employees de- 
clared that their losses were only nominal. 

Owing to various reasons beyond our control, tests of the 
electrical processes for the cleaning of iron blast furnace gases at 
the Bethlehem Steel Company were delayed. Arrangements now 
are being pushed so as to commence tests on a fairly large scale 
at the earliest possible date. It should be feasible to employ 
the processes either for cleaning these gases for stoves and 
boilers, conserving the sensible heat contained in the gases when 
they come from the furnace top, or for gas engine purposes, 
having cooled the gases previously. Perhaps both schemes 
wil be tested at Bethlehem's plant, although the dry and hot 
. gases will be handled first. Тһе results are expected to have 
a very important influence in this field. 

Arrangements have been made and a license sold to the 
Baltimore Copper, Smelting & Rolling Company for installa- 
tions of the processes to collect sulphuric acid mist, under con- 
ditions similar to those at the Selby and Omaha plants, and for 
collection of valuable fumes from the silver refinery, similar to 
that of the Raritan Copper Works. Such excellent results 
had previously been had with these two types of problems 
and success was so apparent that the company purchased a 
license for a cash sum, in lieu of royalties. 
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At Maurer, М. J. also, the American Smelting & Refining 
Company paid a cash sum for rights to use the processes on a 
limited amount of mixed gases in the arsenic plant, but it is 
not intended that refined arsenic will be made by using the 
processes as described for the Anaconda plant. Electrical tests 
are now in progress and already the indications augur well for 
success. The mixed gases are apparently more easily treated 
at high velocities than their sintering machine gases alone. 
A program of tests is being carried out for the purpose of de- . 
termining upon the best design and arrangement of the installa- 
tion. | 

The plants mentioned above give an excellent idea of the 
progress which has thus far been made and should convince 
one that there has been an enormous amount of study and 
energy devoted to this work considering the age and policy of 
the organization. Nearly any one of the problems outlined 
has presented sufficient detail to command scrious effort for 
months. The fact that it was not possible owing to a small 
treasury, to engage a large force of high-salaried engincers, has 
made progress perhaps even more difficult than if the organiza- 
tion had been more generously endowed financially. Now 
that the work has been proved and a fairly large balance is in 
the treasury, it is the intention to engage more technical assist- 
ants, and they will be selected to fill a certain place in the or- 
ganization. Since it is not possible to have any one who is an 
expert in all lines of industry, experienced men in the various 
fields will be selected and charged with the development of that 
particular field for which he is best qualified. This leads up 
to the creation of departments for the proper development of 
the work and already steps have been taken in this direction. 

In addition to the plants and problems mentioned above, 
it is also of interest to note that we have under considcration 
the following problems, upon which varying amounts of pro- , 
gress have already been made: These include the collection of 

Aluminum oxide 
Powdered starch 
Powdered suyar 
Powdered coal 

Tin oxide for enamel 
Powdered sulphur 


Potash from burning of molasses 
Potash from cotton seed hulls 
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Black smoke from round houses and other places 
Fertilizer dusts 
Zinc sulphides | 
Zinc oxides 
Powdered borax 

. Fumes and dust from calcium carbide furnaces 
Dust from rotary lime kilns 
Dust from pyrite burners in sulphuric acid plants 
Gold and silver from jewellers’ sweepings 
Fumes from linseed oil boiling kettles in varnish works 
Powdered alundum 
Ammonium chloride 
Nitric acid, etc. 

Inquiries bave been recieved on many other problems but the 
above statements show that the electrical processes are applic- 
able to a great variety of materials and conditions, especially 
when it is also considered that the range of operating tempera- 
tures is from a point at least as low as zero cent. to at least as 
high as 600 deg. cent., and at all temperatures between these 
two limits. Materials can be sclected for cach specific problem 
which wil withstand the local conditions as regards tempera- 
ture, corrosion, mechanical strength, expense, etc. 

In addition to collection of materials, because of nuisance 
or of value of the suspended matter, it is worth noting that the 
processes are useful as adjuncts to other manufacturing pro- 
cesses or methods, either for improving operations or reducing 
expense. Both the lead-chamber process and the contact pro- 
cesses of producing sulphuric acid have several places in which the 
electrical processes should be valuable. Тһе use of the elec- 
trical processes in conjunction with ventilation of the railroad 
tunnels in Baltimore 1s also under consideration and they may 
be installed there unless electrification of the railroads 1s decided 
upon, in which event, of course, there will be no smoke to pre- 
cipitate. Furthermore, since it is so easy to remove dust from 
air by these processes, they may be useful in connection with 
the ever-present problem of suitably ventilating subways. 

It should be apparent that contact with such a variety of 
actual industrial problems as has been mentioned would furnish 
an impetus to improving and simplifying treaters and the 
electrical apparatus, and to call forth a goodly number of pa- 
tentable discoveries. While this 15 true, yet the policy has been 
not to overlook those mechanical and other operating features 
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which would insure reliability of operation primarily and re- 
duce cost of installation, maintenance and operation, as well 
as to make the processes as nearly automatic in operation as 
possible. Efforts along these lines were also accompanied by 
efforts toward standardization of types and sizes of treaters, 
of electrical equipment including switchboard panels, and to 
adopting schemes or plans that would facilitate and expedite 
the collection of data, conducting of experimental tests, and, 
finally, the completion of commercially and technically satis- 
factory installations. 

The use of sphere spark gaps for the measurement of peak 
voltages between the discharge and grounded electrodes, and 
in other parts of the circuit has led to a better understanding 
of occurring electric phenomena. For these measurements a 
convenient portable sphere spark gap, as shown in Fig. 24 has 
been developed. Additional data on electric phenomena have 
been obtained bythe study of the effect, under various conditions, 
of especially designed inductances placed in the high tension” 
circuit. Methods have been devised whereby it is possible 
to predict quite closely the power required for the treat- 
ment of a specified quantity of a given gas. Тһе power 
required for treaters is sufficiently low as not to be prohibitive 
in practically all cases where it is desirable to remove fine par- 
ticles from gases. Power factors above 80 per cent are com- 
monly found in the supply circuits. Actual power consump- 
tions of installations now in operation will be found in the 
descriptions of some of the various plants given above. 
" Laboratory instruments " are in general too delicate for 
use in the field and “standard apparatus ” often has failed 
to give satisfactory results until modified to suit the special 
requirements. 2 | 

Improvements have been made in rectifiers and the method 
of using them. Some are now being operated commercially 
at 750 rev. per min., which speed presents some advantages 
over the former speed of 1800 rev. per min. 

Transformer designs have been evolved which give apparatus 
very suitable for our work. Their reliability has been improved 
and the cost and time of delivery have been materially reduced. 
Apparatus has been developed to automatically restore normal 
operation after a temporary short circuit in the treater due to 
conductive precipitated material falling between the opposed 
electrodes, or to similar temporary overloads resulting from 
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unusual conditions. Improvements have been made in the 
manner of introducing the high potential line into the treater 
and along with these, improved methods of supporting and in- 
sulating the discharge electrodes have been developed. Dur- 
able discharge electrodes have been developed, thus overcoming 
the reasonable objections to the use of small wires in corrosive 
gases. 

The typical curve shown in Fig. 25 gives the relationship 
between the high-tension direct current flowing into the treater 
and the high-tension voltage impressed upon it, the latter being 


VOLTAGE ANO TRANSFORMER RATIO 


Re e Rim И ЕЖЕ ИШЕ 
EIS wi 
а ed SEEMS 


HIGH TENSION MILAMPERES (d-c.) 


KROVOLTS 
HIGH TENSION VOLTAGE AS CALCULATED FROM LOW TENSION 


Fic. 25—Cunvke SHOWING RATIO OF HIGH TENSION VOLTAGE TO THE 
CURRENT CONSUMPTION—THE MEASUREMENT TAKEN AT TREATER 
INSTALLED FOR BALBACH SMELTING AND REFINING COMPANY, NEW- 
ARK, N. J. 


shown on the curve sheet as the alternating potential delivered 
to the rectifier from the transformer and calculated from the 
measured low-tension voltage and the transformer ratio. Under 
certain conditions it would be preferable to measure the effec- 
tive high-tension voltage maintained between the treater elec- 
trodes by means of a suitable voltmeter. In general, however, 
the voltage as indicated by the ratio method is sufficiently 
accurate for field work. Тһе lower portion of the curve shows 
the uniform increase in the current with the voltage, due chiefly 
to insulator leakage. Тһе upper portion of the curve shows the 
more rapid increase in the current as the voltage is raised above 
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that at which corona started. Тһе bend in this particular 
curve 15 somewhat more gradual than is usually found. This 
is due to a special arrangement of the electrodes whereby the 
corona starting voltage varies in different parts of the treater. 
Fig. 26 shows the results obtained from tests made with 
various electrode spacings in fume-laden gases at different 
temperatures. Curve А shows the potential (measured by 
transformer ratio and the low-tension voltage) which, when 
rectified, caused a spark-over to occur between a number of 
parallel wires and a plate placed at varying distances from them. 
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ң | INCHES GAP 
Fic. 26—CuRVES SHOWING SPARKING POTENTIALS (OF RECTIFIED VOLT- 
AGES) BETWEEN WIRES AND A PARALLEL PLATE, FOR VARIOUS GAP 
SPACINGS 


The wires and plates were placed in a flue through which passed 
zinc oxide fumes at a teiuperature of 600 deg. fabr. Curve В 
shows similar data obtained with the gas temperature reduced 
to between 350 deg. and 400 deg. fahr. Curve C shows similar 
data obtained from the same electrode system with air in the 
flue. The relative positions of curves A and B are what would 
be expected. Data are being obtained in order to plot a series 
of curves between corona starting voltage (ratio method) and 
electrode spacings. This work has not been completed. 

Fig. 27 gives іп a specific case the distribution of the elec- 
trical losses in transformation, rectification and transmission 
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of the electrical power taken from the supply lines and delivered 
to the treater. Those of transformation (from 220 volts low- 
tension) are the greatest. The additional load losses of the 
transformer are readily calculated. Тһе added load losses of 
the rectifier are not definitely known but experience indicates 
that they are small in proportion to the other losses. The 
added load losses of the transmission line are negligible. These 
latter losses consist almost entirely of corona loss and insulator 
leakage both of which depend upon the voltage and not upon 
the current. From such data it is possible to estimate very 
closely the capacity of apparatus required to deliver to the 
treater any given power at a certain voltage. 

As for the actual treaters or chambers in which electrodes 
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Fic. 27—PowkERn Loss DATA 


Transformer 74 kv-a. 75,000-у. 60 ~. Rectifier type—2 arm—8 shoe— steel shaft. Line 
insulators 2 per line trans. to rect., 11 in d-c. line. 
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аге installed, Several types and sizes have been standardized. 
These are for widcly varying gas conditions. Valuable experi- 
ence has been had on friction loss or gases passing through 
treaters, and through inlets and outlets, and on getting uniform 
gas distribution. Тһе latter is more difficult to control when 
the velocity of the gas is low than when it is high. Treater 
construction costs have been greatly decreased. 

Valuable experience has been had in the field of measuring 
and sampling large volumes of moving gases, and methods 
suitable for our work have been evolved which have been proved 
of practical reliability by results on large scale installations. 
Several complex flue systems and stacks have been explored 
and data obtained in such a manner that reliable predictions 
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were possible, as to the effect of the installation of electrical 
precipitation equipment. In many cases this is a very pertinent 
question, especially when natural draft is depended upon to 
move the gases. 


TABLE II 


EXPERIMENTAL DATA ON 2-TREATER SECTIONS OF TWENTY 14-1м. DIAM. Pipes EACH. 
SINGLE WiRE ELECTRODE 


Differ- 
ence in 
static 
Kilo Fan in- 
voits let & 
Volts high- Amps | Watts outlet 
low- tension low- cor- Volt- | Power | Fan |inoz.per 


Time | Tap* | tension| by ratio | tension| rected | amps. | factor | speed. | sq. in. 


P.M. 

4:30 Run |Started.| - 

5:00 5 182 57.0 | 15 2100 2730 0.76 330 1} 
5:30 4 170 64.0 25 3500 4250 0.82 323 1% 
6:00 4 165 62.0 20 2550 3300 0.77 331 1 
6:30 4 175 65.7 16 2400 2800 0.85 mo oW 
7:00 4 172 04.7 17 2500 2024 0.85 320 1 
8:40 Both sections cleaned pipes and wires. 

8:45 5 185 58.0 | 13 2000 | 2400 | 0.83 | 325 | 1% 
9:15 | 5 194 60.5 | 10 1500 | 1940 | 0.77 320 1 
9:40 Pipes rapped section No. 2 shut down for 1 min. 

9:55 | 5 | 195 | 610 | 10 |1350 | 1950 | .69 | 301 | 1 


Readings continued about as above at half hour intervals and pipes cleaned by ham- 
mering every hour until 4:00 a. m. 


A.M. 
4:00 5 195 01.0 10 1350 1950 0.69 285 i 
4:25 Pipes | rapped. 
4:30 5 200 62.5 8 1150 1600 0.72 292 it 
5:00 5 200 62.5 8 1250 1600 0.78 268 t 
5:35 5 200 62.5 12 1800 2400 0.75 270 i 
6:00 5 205 64.0 8 1200 1640 0.73 277 1 
6:30 5 200 62.5 6 1000 1200 0.83 270 1 
7:00 5 197 61.5 6 1050 1180 0.89 276 1 
7:30 5 200 62.5 9 1150 | 1800 0.64 273 i 
8:20 5 202 63.0 8 1000 1620 0.62 278 i 
8:30 Run dis|continued 


* Transformer Ratio Tap 4--200 to 75,000 volts. 
5—200t002,500 “ 

t Pipes rapped 

1 Pipes rapped at 5:20 


The log shect shown in Table II gives a typical set of readings 
taken during a run on a two-section treater. Each section 
consists of twenty 12-in. diameter pipes, 12 ft. long. The log 
sheet shows a considerable variation of the power consumption 
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and of power factor. This was опе of the first test runs made 
in application of the clectrical procesdes to a new problem. 
Causes for each unsteady or unfavorable condition are sought 
and the effect of each on the percentage of precipitation is noted 
and steps are taken toward their elimination. Finally with 
the proper conditions secured, the operation becomes steady 
and automatic. Electrical data and gas measurements are 
taken simultaneously. 

A typical ficld data sheet is given in Table III. It was used in 
connection with flue loss determinations, and is a copy of actual 
test data obtained in а 24-hour test. (See Fig. 28 for arrange- 
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ment). From left to right the columns shown give the follow- 
ing information: 


Column 1. Gage zero—on the differential gage used; a zero reading 
was always taken. 
Column 2. Stack reading—a differential gage reading, indicating the gas 
velocities in the stack. The gage is connected to a pitot tube 
in а 6-inch diam. "companion" pipe shown іп Fig. 28. 
« 3. V.H. in. HeO Stack—is the gas velocity head in inches 
H2O іп the stack and is one-half the difference between 
columns 1 and 2. (Gage factor = 0.5) 
“ 4, Sampler Reading—is the reading indicated on the differ- 
ential gage, connected to the pitot tube in the 6 in. dia. sampler 
pipe. (See Fig. 28). 
ш 5. V.H. іп. Н.О sampler—is the gas velocity heads in inches 
H20 in the 6-inch dia. sampler pipe. (Gage factor = 0.5). 
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Column 6. Temperature of stack gases іп degrees fahrenheit. 
» 7. ый “ Gases in treater in degrees fahrenheit. 
2 8. Stack Vel. ft. рег sec.—velocity of gases іп stack. 


900*F 


700% 


i*2 =» 4545 5 6 7PM. 
Fic. 29 

Weather generally fair—Barometer 29.47 Gas weight : 1745 lb.per min. (air) 

in. Hg. weight : 1780 1b. рег min.(gas) 
Elevation of station 440 + 65 = 505 ft. Standard volume : 21,600 cu. ft. per min. 

A. S. L. CO 475 by volume: 3.67 per cent. 
Barometer correction for velocity; Lb.carbon: 26.6 burned per min 

V from chart X 1.008 = V actual. Lb.coal : 30.6 burned per min 


Correction for carbon dioxide; 


V from chart X 0.990 = V actual (4 per | Scale 
cent CQ) Henson 
ldivision = 1 hour 
Average Results. Vertical 
Draft: 0.72 n. H20 0.1 division = 0.02in. На О draft. (1) 
Stack temperature: 808 °F. = 20°F, stack temperature. 
Air temperature : 75°F. (2) 
Gas velocity : 40.5 ft. per sec. = 1.0 ft. рег sec. (3) 
Gas velocity (3): 40.6 ft. per sec. = 1000 cu. ft. per min. (4) 
Gas velocity : 2430 ft. per min. ж 20.0 lb. per min. gas (5) 
Gas velocity : 27.2 mi. рег hr. = 0.2 per cent СО» (7) 
Gas volume : 55,900 cu. ft. per min. ж 2 lb. coal (6) 


Column 9. Treater 6-inch Pipe Vel. ft. per sec.—velocity of gases in 6-in. 
diam. sampler pipe to treater. 

10. Stack Vol. cu. ft. per min.—volume of stack gases per minute. 

11. Treater Vol. cu. ft. per min.—volume of treater gases per 
minute. 
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Column 12. Std. Vol. Stack—volume of stack gases at 32 deg. fahr., 
29.92 in. Н,. 

* 13. Std. Treater Vol.—Volume of treater gases at 32 deg. fahr., 
29.92 in. Hg. 


© 


E35 
—r4 fr 
EF 
eee 


4 


HT 
С 


— . Ki 

«n 

WEE 
E 


—— 1000 Lbs. 


š 
NN 


у 
is 
тыш 


> 
А 


ТЕГІЛ ЛА (|1 


poe ШУ; 
ЕЛЕНИШИГИИКЕМИКШЕЕКІШ 


piyt ttt yi | rt da 12 


SN'ONENNPHEROGNNES 
= с 
a 
ж 


Y 


£ 
E I 
EE. 
Pd IL. 


| And 
Ë. 


з ыл SERRE 6 АЕ БР 
ше 


ENEGMZNENEZEZERZENNNERE 


SENT 
e 


LIS 
Ф: 
aa 
E 
У 


pun 


E 
ШЕ E 
ш 
T 


Scale 

Abscissa: 1 division = 2 hours 

Ordinate: 
(1) 0.1 division = 0.02 in. H30 draft 
(2) = 20°F. stack temp. 
(3) - 1.0 ft. per sec. gas velocity 
(4) - 1000 cu. ft. per min. gas volume 
(5) ж 20 lb. per min. gas weight 
(6) = 0.2 рег cent CO by vol. 
(7) = 20 lb. per min, coal burned. 


Column 14. Per cent handled—ratio of gases handled in precipitator to 
total gases in stack. 
* 15. Time Out—record of “shut downs” or troubles incidental 
to the test. 
“ 16. Time—schedule of readings taken during test. 
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In connecfion with the above data, scts of daily measure- 
ments were made of the quantities and conditions of the gases 
in the stack. The detail of these figures is given in the form 
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Scale 

Abscissa: 1 division = 2 hours 

Ordinate: 
(1) 0.1 division = 0.02 in. HsO draft 
(2) = 20°F. stack temp. 
(3) = 1.0 ft. per sec. gas velocity 
(4) ` = 1000 cu. ft. per min. gas volume 
(5) = 20 lb. per min. gas weight 
(6) = 0.2 рег cent CO by vol. 

: (7) = 20 lb. per min coal burned. 


of "curve sheets" as Figs. 29, 30, 31 and 32. These results 
are summarized in Table IV. 

Temperature records kept during the above mentioned test 
are given as Figs. 33 and 34. 
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In Fig. 35 a sketch of the electric precipitator used for the 
demonstration in connection with this paper is shown. This 
sketch includes the method of showing corona effects and the 
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Abscissa: 1 division -2 hours. 0.700 іп. H20 average draft 
Ordinate: 870 oF. averagc stack temp. 
йз. s Š 2 in. HeO draft 84 F. average air temp. ' 
(1) O.1division = 0.021n. Hs raft. 36.7 scam азоосу 
(2) = 20 °F. (stack) Sta. No. 3 centeraveragegas velocity 34.4 
(3) = 1.0 ft. per sec. 2200 ft. per min.average gas velocity. 
(4) = 1000 cu. ft. per min. 25.0 mi. per hr.average gas velocity. 
5 à 50,700 average gas volume 
(5) = 201b. per min. (gas) 1520 average gas wt. (air) 
(6) = 0.2 per cent CO2 1550 average gas wt. (gas) 
(7) = 2 lb. coal per min. 18,800 average std. volume 
4.17 average % СОз by volume 
26.2 average lb. carbon 
30.1 average lb. coal 


method of producing fume and dust for precipitation, in con- 
nection with the experiments prepared for this demonstration. 
Several additional installations of these processes have been 
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made under the direction of Mr. Walter A. Schmidt, of Los 
Angeles, California, at various locations in the Pacific Coast 
States, Canada, and Germany. The one which treats the larg- 
est volume of gases is at the plant of the Riverside Portland 
Cement Company. The installation at the Smelter near Trail, 
B. C. treats,about 100,000 cu. ft. of gases per minute coming 


TABLE IV , 
ELEVATION OF STATION 505 Ет. А. S. L. BAROMETER 29.47 ім Hg. Тор oF STACK 
» --505 Ет. А. S. L. Stack Heicut—160 FT. 
1 2 | 3 | 4 5 | 6 25 
Day Day Day Average Day | Night Day 
Date june June June 2&3 June June June 
8-14 9-14 9-14 10-14 10-14 11-14 


| | eee | —————— eee 


Period of Measurement. | 1:45p.m.| 6 a.m. to} 12:20 to 


to2:30 “| 12m. . 6:20 pm. 9:45A.m| 6:45pm|.9:30am 
4:15 “ 5:15pm.| 12:40 |5:30pm 
to a. m. 
6:45 “ 
Velocity of gas feet per 
BEC oe онаа d 40.5 42,1 39.3 40.7 41.7 21.7 36.7 
Velocity of gas. ° 
Feet/minute..... ...| 2430 2520 2360 2440 2520 1320 2220 
Miles/hour.... ......|] 27.2 28.6 20.6 27.6 28.6 15.0 25.2 
Flue temperature °F.... 810 830 880 855 870 690 870 


Volume of gascu. ft/min. 

@ flue temperature. ..| 55,900 | 58,100 | 54,300 | 56,200 158,000 | 30,200 | 51,000 
Volume of gas.cu. ft/min 

at 29.92" Hg. 32° Е....! 21,600 22,150 19,900 21,050 21,450 | 12.900 ) 18,900 
Weight of gas passing/Air .1745| 1790 1610 1700 1730 1040 1525 


IDS PIB; e eta sus Gas 1780| 1825 1640 1735 1765 1060 1555 
% Cog by vol....... .. 3.67 4.00 4.47 4.24 4.86 2.12 4.17 
Calculated lb. carbon 

burned per minute....| 26.6 29.6 29.7 29.65 31.3 9.12 26.2 
Calculated 1Ь. coal 

burned per minute....| 30.6 34.1 34.2 34.15 36.0 10.5 30.4 
Stack draft inches НО.) 0.720 0.781 0.775 0.778 0.712 0.692 | 0.700 
Sets of fires............ 1-8 1-8 1-8 1-8 1-8 1-4 1-7 
No. of fires............ 88 88 88 88 88 48 78 
Air temp. °F.......... 75 61 67 64 80 77 84 


from lead blast furnaces. А treater has been installed for 
handling the gases from one 1000-barrel cement kiln at Buffing- 
ton, Indiana, and a continuous thirty day test showed an aver- 
age of approximately 95 per cent of the dust removed from 
between 60,000 and 75,000 cu. ft. of gas per minute, the tem- 
perature occasionally reaching 750 deg. cent. 

In conclusion it is to be stated that the past three years have 
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| Fic. 33—TEMPERATURE RECORDS IN CONNECTION WITH ELECTRIC PRE- 
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Fic. 34—TEMPERATURE RECORDS ім CONNECTION WITH ELECTRIC PRE- 
CIPITATOR TESTS ` 
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seen the electrical processes (Cottrell patents) in constantly 
growing use and demand, several commercial installations hav- 
ing produced excellent results, and that the future is full of 
promise. The corporation has definitely established itself com- 
mercially in the short time intervening since its organization. 
The total capital paid into the treasury was $10,100. From the 
receipts so far obtained for technical services and for patent 
rights, all the corporation’s stockholders have been fully repaid, 
‚апа there is on hand at present nearly $150,000 in good and 
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negotiable securities as a net surplus, with only ordinary current 
accounts owing. Further income as royalties from installations 
now in operation, under way, or contracted for, will materially: 
increase the above amount, so that a fund for further scientific 
research has already been created, and this directly from the 
industries benefited by the processes administered by the 
corporation. 

Surely the record of the results obtained, both those technical 
and commercial, and the indications observable from direct 
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personal contact with the ever-growing and widening field, and 
the actual inquiries received, warrant and justify the statement 
that the electrical processes and the movement represented 
in the Research Corporation have been definitely established 
and that the future holds vastly more of promise than the past. 

Messrs. H. D. Egbert, P. E. Landolt, A. F. Meston, C. I. 
Weir, J. C. Hale, H. A. Burns, H. M. Pier, assistant engineers 
in the employ of the corporation have rendered very valuable 
service in connection with the various problems which have . 
been encountered and have materially aided in overcoming the 
many difficulties. They have been very loyal and devoted to 
the cause, working in the main under very unfavorable conditions 
and receiving smaller compensation during most of the three 
years the corporation has been operating than they could have 
obtained elsewhere, and they are to be complimented and thanked 
for their zealous and efficient service. The technical men in . 
the various plants have likewise taken a keen interest in the work 
and have rendered valuable serviccs and have been of great 
assistance in enabling the presentation of a report of such pro- 
gress and thanks are due them. 
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CONTINUOUS WAVES IN LONG DISTANCE RADIO 
TELEGRAPHY 


BY L. F. FULLER 


ABSTRACT OF PAPER 


Ability to predetermine the probable normal daylight- 
sending radius of high-powered radio telegraphic stations is of 
prime importance in their design. 

The theoretical transmission equations for both continuous 
and damped waves are discussed and the empirical formulas for 
the latter are given. 

Experiments with continuous waves over a period of six 
months between San Francisco and Honolulu, a distance of 2100 
nautical miles (3880 km.), are described, and an empirical for- 
mula for the calculation of probable sending radius with such 
waves 15 proposed. This is checked by experiments between 
Tuckerton, N. J., and Honolulu, 4330 nautical miles (8000 km.) 

Curves giving the energy received at Honolulu from San 
Francisco under both day and night conditions are shown, and the 
effects of changes in wave length upon transmission efficiency are 
discussed. Evidence strengthening theories of the reflection, 
refraction and interference of Hertzian waves in long distance 
transmissions and experimental data showing interference bands 
not over 18 miles in width is given. The great value of easy and 
rapid changes in wave length, especially at night, is apparent 
from the curves. 

Final conclusions drawn from a comparison of the empirical 
transmission formulas for continuous and for damped waves are 
that the transmission efficiency of continuous waves is some- 
what higher than that of damped waves on wave lengths of ap- 
proximately 3000 m. or above, and that this advantage increases 
with the wave length. 


THEORETICAL FEATURES 


HE comparative transmission efficiency of continuous and 
damped waves has been the subject of much discussion. 
Most experimental attempts to study the question have 
been over moderate distances and no difference has been observed 
until recently. Austin’* states that experiments of the United 
States Navy Department from the Arlington station, using a 
Poulsen arc for the generation of continuous waves and a 500- 
cycle spark transmitter for the production of damped waves have 
shown that at distances of the order of 2000 nautical miles 
(3700 km.), or above, continuous waves are on an average 
superior. 


Manuscript of this paper was received March 10. 1915. 
*Reference numbers refer to the bibliography at end of paper. 
507 
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A theoretical analysis of the transmission of electro-magnetic 
waves, either continuous or damped, over a perfectly conducting 
plane was given by Somerfeld? in 1909. Further treatment of 
the subject has’ been given by  Poincaire?, Nicholson‘, 
March’, von Rybczynski® and Zenneck’. Certain experi- 
mental data over short distances have also been given by 
Duddell! Taylor? and Tissot’. 

In 1912, Eccles! gave a theoretical discussion of the prop- 
agation of electromagnetic waves in long distance transmission 
around the curvature of the earth. His conclusions are strength- 
ened by the United States Navv Department’s tests of 1910 and 
1913, recorded by Austin!!! and by the Federal Telegraph 
Co. Poulsen arc, San Francisco-Honolulu tests of 1914, to be 
described herein. 

The results of the Sommerfeld theoretical treatment of the 
transmission problem may be stated as follows for continuous 
waves. 


0.0019 d 
hil, 0. — 173 


Е = 120 т (1) 


where E = effective electric amplitude in volts per km. of 
the electric field at a distance (d) from the send- . 
ing antenna. | 
hı = effective height of sending antenna in km. 
I; = current in ampcres at base of sending antenna. 
^ = wave length in km. 
d = distance in km. 
0 - angle at center of earth subtended by distance d. 
It is assumed that the carth is perfectly conducting and that d 
is several wave lengths. 
If the waves are damped, then. on account of the wave train 
form of the oscillations. 


0 
A A 0.0019 d 
Е = 120 т * ст БИЕГЕ: (2) 
1+ 3; 


where 6, and б» are the decrements of the transmitter and re- 
ceiver respectively. 
Solving equation (1) for I, the current іп ampcres at the base 
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of the receiving antenna of effective height h; km. and of resis- 
tance R ohms, we obtain for continuous waves: 


0.0019 d 
I, = EE 120 т LIE ЖАНАР; ба е AM 


R Лак (3) 
and from equation (2) for damped waves: 
Ж 0.0019 4 
Ей hih n „2925 
I, = == 120 т \ me 2 67 173 (4) 


R RAT V 


This may be divided into four terms: 


F 


hy he I: 


(1) DOT VaR 


which is the Hertzian expression for the effective value of the 
current flowing through a resistance at a point in the equatorial 
plane of an equivalent oscillator of length k at a distance d. 


| (3) | Vi + += 


takes account of the damping at both transmitter and receiver 
and is therefore unity for continuous waves. 


0.0019 d 


(4) e€ 11/3 


corrects for the divergence of energy into the upper strata of the 

atmosphere due to the waves not following perfectly the curva- 

ture of the earth and might be termed a “ divergence factor." 
All these theoretical equations are for a perfectly conducting 
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earth surface. Von Rybczynski states that a slight decrease in 
conductivity will result in a slight increase in received energy, 
apparently due to a reduction in the divergence factor. A 
considerable reduction in earth surface conductivity, however, 
will result in severe loss, and an absorption factor! must be 
introduced. This is the case in most overland transmissions. 

It is obvious therefore, that theoretical transmission formulas 
must vary with the type of earth surface over which transmission 
is effected, and that empirical formulas derived from experimen- 
tal data will likewise vary, the only certain uniformity possible 
in earth surface conductivity being over sea water. Atmospheric 
conditions affecting electromagnetic waves are so variable during 
the hours of darkness that it is only under normal day conditions 
that uniformity can exist. Hence, the only relatively uniform 
basis upon which theoretical and empirical formulas may be 
compared is for transmission over sea water under normal day 
conditions. 

In 1911 Austin" gave the results of quantitative ехрегі- 
ments up to 1000 nautical miles (1850 km.) from a spark trans- 
mitter at Brant Rock, Mass., and again’ in 1914 with a spark 
transmitter from the United States naval radio telegraphic 
station at Arlington, Va. up to 2000 nautical miles (3700 km.). 
These experiments with the damped wave may, according to 
Austin (loc. cit.) be expressed by the following semi-empirical 
formula: 


hy ho I, 6 _ 0.0015 d_ 


= ә ---- — T • 1 
fem OUT aR sing ^ Yi (5) 


The term ÇV тау be considered as unity for distances of 
51 : 


2000 nautical miles (3800 km.). 
The main point of difference between this and the theorctical 
Sommerfeld formula for the damped wave is in the last term, 


0.0015 d _ 0.0019 d 
the divergence factor, e vz instead ofe ais. 


This makes lony distance radio telegraphy much easier than 
theory would indicate and is probably duc to a return of energy 
from the upper atmosphere by reflection or refraction, or both. 
Presumable therefore, a convergence factor might be added to 
the theoretical formula. From much data available, especially 
that to be presented herein on the San Francisco-Honolulu sus- 


1915] FULLER: RADIO TELEGRAPHY 571 


tained-wave experiments of 1914, it is probable that such conver- 
gence is considerably greater with continuous than with damped 
waves. No experimental data are available from any source on 
the effects of changes in decrement on transmission efficiency 
and divergence factor over long distances. 

The foregoing covers briefly the theoretical equations of long 
distance radio transmission for both continuous and damped 
waves and the empirical formula of Austin for damped waves. 
This formula (5) proves quite satisfactory for the ordinary cal- 
culations of practical work, and would indicate that a change 
should be made in the theoretical equations to account for the 
considerable increase in received energy noted seemingly due to 
convergence; 7. е. a return to the earth’s surface, near the ге- 
ceiver, of energy radiated into the upper atmosphere after leav- 
ing the transmitting station. 


GENERAL DESCRIPTION 


The following description of the San Francisco-Honolulu 
sustained wave tests of 1914 may be divided into two parts. 

1. That dealing with the effects of wave length upon the 
strength of received signals. This has an accuracy which is 
satisfactory for comparative results, and probably averages with- 
in 10 per cent. 

2. That part covering the derivation of a proposed empirical 
formula for sustained wave transmission. This has an accuracy 
below that which could have been obtained had the two stations 
involved not been handling commercial work, which necessitated 
the taking of experimental data at irregular intervals, and caused 
frequent interruptions. It is probably accurate within 20 per 
cent. 

Thus all deductions based upon the relative value of re- 
ceived energy readings may be considered as being considerably 
more reliable than those based upon actual received energy 
values. | 

It is believed, however, that all data are of sufficient accuracy 
for practical purposes and that the transmission formula for 
continuous waves may be satisfactorily used in commercial 
design. 

DESCRIPTION OF PLANTS 

The data presented herein were taken during the period of 
six months, extending from January to June, 1914, inclusive. 
The range of wave lengths was from 3000 to 11,800 meters, and 
the distance of transmission 2100 nautical miles (3880 km.). 
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The stations were the San Francisco and Honolulu plants 
of the Federal Telegraph Co. Both were equipped with 100 
kw. Poulsen-Federal arc transmitters rated on continuous 
d-c. input, although 40-50 kw. is the usual power employed. 

Each had three guyed wooden towers, two 440 ft., and one 
608 ft. 1n height, giving triangular flat top antennas of 0.010 mf. 
capacity. 

At San Francisco the 440-ft. towers were 600 ft. between 
= centers. The 608-ft. tower was 900 ft. from one, 1095 ft. from the 
other 440-ft. tower. ` 

At Honolulu all towers were on 600-ft. centers, forming an 
equilateral triangle and there was in addition, the arc of approx- 
imately 135 degrees of an umbrella antenna, strung from the 
back side of the 608-ft. tower over shallow tide water. This 
accounts for the capacity of this antenna with the close tower 
spacing being the same as that at San Francisco. 

The center of capacity at Honolulu was very close to 394 ft. 
(120 m.), while at San Francisco, due to greater sags, it was 
approximately 380 ft. (116 m.). 


METHODS OF TAKING DATA 


Antenna Currents were measured by hot-wire ammeters cali- 
brated from a 100-ampere Hartmann-Braun unshunted hot band 
instrument used as a standard. 

Wave Lengths were measured by a standard wave meter!* 
employing a tikker and phones to indicate resonance. 

Centers of Capacity were determined by mapping the tnangular 
net work of the antennas giving the height above the earth for 
various areas, and assuming a low capacity for the down leads. 

Received Watts were determined by the shunted telephone meth- 
od. The general procedure was identical with that used in the 
U.S. Navy Department tests of 1910 and 1918 described by Aus- 
tin!!! and was briefly as follows: 

If the receiving telephones be shunted by a variable resistance, 
the incoming signal has an audibility of one when the shunting 
resistance is so adjusted that the dots and dashes can just be 
differentiated. The following relation then exists: 


R S 
4; = СЕЗ (6) 


where А, =audibility factor or number of times audibility. 
R =impedance of telephones in ohms. 
and 5 =impedance of resistance shunting telephones in ohms, 
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For the purpose of determining the received watts for a given 
value of resistance shunting the phones, or for a given audibility 
factor, another Poulsen-Federal arc station near by was used 
as a transmitter, апа a thermo-couple and galvanometer were 
inserted in the antenna of the receiving station. These had 
previously been calibrated on direct current and indicated the 
received antenna current. 

Measurements of the resistance of the antenna circuit, with 
the secondary of the receiver adjusted to resonance, were made 
throughout a range of wave lengths extending from 3000 to 
10,000 meters, and the received watts for a known audibility 
factor were calculated by КІ?. These values of received energy 
were reduced to received watts for unit audibility. Using a 
rotary tikker and sensitive telephone receivers these results 
gave the relation 


Р = 32 х 10-0 A, (Т) 


where P = received energv іп watts апа 
Ау = audibility factor as defined above. 


GENERAL NOTES 


Reference to the tabulated data shows the general average 
of signal strength obtained with the antenna current at the trans- 
mitter reduced to 35 ampcres. | 

It was kept below 50 amperes in order that а minimum error 
might be introduced in correcting received current for a con- 
stant transmitting antenna current for all wave lengths. Pre- 
liminary investigation of this point showed that for transmitting 
antenna currents somewhat above 50 amperes the received current 
did not vary directly as the transmitting current!é but fell off 
somewhat. 

In order to eliminate as far as possible factors tending to cause 
questionable results, the antenna current іп all tests was kept at 
such a value as to make it possible to correct received current 
with certainty to the values which would have been obtained 
had it been convenient to hold the tranmsitting antenna current 
constant for all wave lengths. 

All data are for transmission with daylight over the entire 
path except on a certain few night tests. With the exception 
of ten miles of bare hills approximately 1200 ft. in height at the 
oan Francisco end, the path of transmission lies entircly over sea. 
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DISCUSSION OF CURVES 


Figs. 1, 2, 3, and 4 show reccived energy as a straight line 
function of the wave length. It is possible that during these 
tests the waves were subjected to refraction only and that the 
amount of energy received by reflection from the upper atmos- 
phere was small, probably indicating stable day conditions." 

The data in Fig. 5 show a constant gain in received energy up 
to 7000 meters with a second peak at 10,000 meters. 

Fig. 6 is somewhat similar; again showing a maximum at 7000 
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meters, a minimum between 8000 and 9000 and a rise again 
at 10,000 meters. 

Fig. 7 is also of this same general type. АП three indicate а 
combination of day and night conditions with possibly partial 
interference on certain wave lengths, and addition on others, 
due to а combination of reflection and refraction phenomena. 

Fig. 8 is a typical night curve showing a marked reduction in 
signal strength on certain wave lengths, probably due to reflec- 
tion phenomenon. When compared with Fig. 13, however, it will 
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be noted that the efficiency of transmission оп the night of April 
1 must have been considerably lower than on the night of June 
13th, since no reduction in received energy following the radia- 
tion resistance curve is noted in the former case. This shows 
that the reduced losses in transmission on the long waves more 
thart counter-balanced the reduction in radiation resistance. 
The great difference in observed audibilities on these two nights 
also indicates this fact. 

Fig. 9 again shows a constant daylight condition, the received 
energy being a straight line function of the wave length, probably 
indicating consistent refraction and no reflection. 
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Fig. 10 is interesting in again showing a maximum near 7000 
meters; but the 8000- and 9000-meter waves show a decrease. 
Judging from the last two points on this curve, and from the 
behavior of curves in Figs. 11, 12, 14 and 15, it is probable that 
this curve, if continued, would show an increase in received 
energy. 

Figs. 11 and 12 show a maximum at 8000 and 7000 meters 
respectively, a minimum at 9000 meters, and a decided rise 
at 10,000 meters. It is thought quite probable that at 14,000 
and 16,000 meters, the double of 7000 and 8000 meters, other 
maximums might be noted. These are shown by dotted ex- 
tensions. 
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Fig. 13 is another typical night curve, similar to Fig. 8, show- 
ing a marked reduction in signal strength on certain waves. It 
is interesting to note that the average of these points gives a 
curve which follows the radiation resistance curve of the trans- 
mitting station, showing a falling off of the received energy in 
proportion to the reduction in the radiation resistance at the 
transmitter. For reasons given in the discussion of Fig. 8, 
the efficiency of transmission must have been very high and 
reflection phenomenon marked at the time Fig. 18 was taken. 

Figs. 14 and 15 are typical examples of the unstable daylight 
class, probably indicating refraction, and in addition, reflection 
and a resulting interference upon certain wave lengths. . 

From a half hour to two hours time elapsed during the taking 
of each set of observations. During this period the conditions 
of absorption for various wave lengths could have changed 
materially. However, many sets of observations are the results 
of two sets of readings, giving identical curves although separated 
by one half to three quarters of an hour. It may be assumed with 
reasonable accuracy therefore, that as a whole, the observations 
for any given date recorded herein present conditions existing 
simultaneously on all the wave lengths. This is undoubtedly 
true of the data showing stable day conditions and this is the 
only data from which deductions and calculations have been 
made. EM 

It is probably not true, however, of the pure night curves, 
Figs. 8 and 13. At night, conditions of apparent absorption 
may vary by several hundred per cent. within a few minutes. 
The fact that the mean values of Fig. 13 follow the radiation 
resistance curve, however, would tend to show that conditions 
were fairly uniform throughout the period during which its 
Observations were made. 


AN EMPIRICAL TRANSMISSION FORMULA FOR CONTINUOUS WAVES 
The observed data are presented in the accompanying tables 
and from these the curves of the fifteen plates are drawn. 
Calculations have been made from data taken from the curves 
as drawn. Only curves or parts of curves which show stable 
daylight conditions have been used. These are: 


Fig 1. All waves 


“ 4 “ “ 
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OBSERVED DATA 
CORRECTED TO 1; «35 AMPERES 


Fig. Wave Length Received En- Fig. Wave Length Received En- 
No. Meters ergy No. Meters ergy 
| 4 Watts 10-10 4 Watts x 10-19 
P P 
1 5000 145 ç 8. 6000 1120.0 
7000 190 N 7000 1340.0 
9000 259 i 8000 788.0 
10000 301 g 9000 1100.0 
11000 336 h 10000 1100.0 
11800 368 t 
9 6000 40.7 
2 5000 157. /000 124.0 
6000 217. 8000 127.0 
7000 288. 9000 170.0 
10000 210.0 
3 3000 496. 10 6000 52.5 
4000 531. 7000 118.5 
5000 371. 8000 113.8 
6000 557. 9000 68.4 
7000 905. 10000 72.2 
8000 829 
9000 919. 11. 5000 26.0 
10000 1170. 6000 110.8 
7000 130.0 
8000 168.0 
4 4000 255.0 9000 75.0 
5000 312.0 10000 82.0 
6000 480.0 
7000 454.0 12 5000 32.0 
8000 660.0 6000 89.6 
9000 778.0 7000 186.0 
8000 114.5 
9000 79.4 
5 5000 429.0 10000 92.5 
6000 707.0 
7000 911.0 13 3000 2540.0 
8000 830.0 4000 1295.0 
9000 886.0 N 5000 668.0 
10000 919.0 i 6000 2720.0 
10500 886.0 g 7000 576.0 
h 8000 1610.0 
t 9000 743.0 
6 4000 7.8 10000 320.0 
5000 14.6 10500 842.0 
6000 53.6 : 
7000 142.0 14 6000 179.0 
8000 73.3 7000 310.0 
9000 75.2 8000 292.0 
10000 135.0 9000 127.0 
10000 111.0 
10500 151.0 
7. 4000 7.8 
5000 27.2 15. 6000 107.5 
6000 142.0 7000 156.0 
7000 255.0 8000 179.0 
8000 215.0 9000 126.0 
9000 237.0 10000 167.0 
10500 214.0 10500 178.0 
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Fig. 5. 5000-7000 meters 
* 6. 6000-7000 meters 
“ 7. 6000-7000 meters 
4 0. АП waves 


0.0019 4 
If in formula (3) the last term, the divergence factore ap ` 


be written e~4¢ and the whole formula be solved for A we obtain 


1 һу hs I, 220 


A = 7 е так V sn (8) 


Twenty five separate calculations of A by the above formula 
have been made from data taken from the curves on wave lengths 
ranging from 3000 to 11,800 meters. From these it may be said 
that for continuous waves. 


С АУ? (9) 


within the limits of error of these observations. 

In the above equation the average of twenty five values of B 
is 45 X 1074. 

The exponent of À shown in equation (9) holds consistently 
through all data while varies from day to day. Тһе value 
given above was the average observed during these tests. Тһе 
maximum noted occurred on March 15th on 6000 meters when 8 
reached a value of 77 X 1074. The minimum noted was on March 
8th on а 9000-meter wave when [8 dropped to 20 X 10-4. 

Substituting equation (9) and the above average value of 6 
in formula 3, we obtain the following daylight transmission 
formula for continuous waves over sea water: 


:,А/ 0 0.0054 


ыза AT ung 9 uve 


(10) 
where all factors are expressed as in formula (3). 

No attempt has been made to give an average value of f for 
night work since it may vary bv many hundred per cent. within 
a few minutes and a few hundred meters change in wave length 
may make a variation of the same order of magnitude. Figs. 
8 and 13 illustrate these points. It is also obviously useless to 
attempt the approximation of 8 for day work during periods when 
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partial night conditions exist. All such conditions usually tend 
to reduce the apparent absorption upon certain waves and in- 
crease it upon others. Hence in using formula (10) for the 
calculation of average sending radius and reccived signal strength 
it may be considered safe to use the average value of В given above 
provided the transmitting station has several waves at its disposal. 
If its available wave lengths are limited, however, it is liable, 
at times during which unstable day conditions exist, to be forced 
to transmit оп a wave having poor transmission cfficiency. 
With such stations it is obviously safer to use a value of B more 
nearly the maximum noted above for the calculation of average 
sending radius. The value to be used is naturally controlled 
to a great extent by the importance of the station, the quality 
of service required, and the gcographical location. 

During November and December, 1914, tests were carried on 
by the United States Navy Department from the Goldschmidt 
high-powered radio telegraphic station at Tuckerton, N. J. to 
the Honolulu plant of the Federal Telegraph Company. Signals 
were transmitted in daylight the entire distance of approximately 
4330 nautical miles (8000 km.) using a rotary tikker detector in 
, receiving at Honolulu. 

The antenna at Tuckerton consists of 36 wires attached to 
the top of a steel tower 825 ft., (250 m.) in height. "The outer 
ends of these wires are attached to poles 40 ft. (12 m.) high 
arranged in a circle of 1500 ft. (450 m.) radius with the steel 
tower at the center. The wave lengths used by Tuckerton were 
7400 and 10,000 meters. The shorter wave was never heard in 
Honolulu in daylight, but the longer was received consistently 
during the tests with daylight over the entire path of transmis- 
sion. On the 7400-meter wave, both a Goldschmidt alternator 
and a Poulsen-Federal arc were used, but on the 10,000-meter 
wave only the arc was available. 

Certain further checks on formula (10) are possible from these 
tests. These are as follows: 

At San Francisco, approximately 2000 nautical miles from 
Tuckerton, the ratio of reccived currents for the 10,000- апа 
7400-meter waves was 


I = 
8 10000 т = 1.56 observed and 1.67 calculated 
In 7400 m 


This is primarily a check upon the V2 exponent of wave length 
and the constant Bof 45 X 10-4in the divergence factor. 


1915] FULLER: RADIO TELEGRAPHY 583 


At Honolulu a received current of 5.5 X 1075 amperes on 10,000 
meters was observed. The calculated value from formula (10) 
is 6.12 X 10 5 amperes. 

On the 7400-meter wave from Tuckerton, formula (10) gives 
a value of received current below audibility and this is roughly 
checked. by the fact that this wave was never heard until noon 
Honolulu time, which was 5:30 p. m. at Tuckerton. This late 
in the day, normal conditions no longer exist and night conditions 
are beginning. Тһе calculations аге made from the following 
data: 

I, = 122amperes оп 10,000 meters and 100 
amperes on 7400 meters 

hı = 300 ft. = 91.5 X 10^? km. 

h, = 197 ft. = 60 X 10^? km. 

^ — 10 km. and 7.4 km. 

d = 4330 nautical miles = 8000 km. 

[ В 0000 = 150 ohms. High resistance due to 
At Honolulu close coupling, mediocre ground, and 
series receiving circuit. 
R10: = 135 ohms. 

0 = 72.5 degrees. 

А;= 14.25 times audibility at Honolulu on 
10,000-meter wave and zero on 7400- 
meter wave. 

P, = 8.2х 10 watts for unit audibility. 


° 


No consistent difference was noted at San Francisco or 
Honolulu in the energy received from the alternator as compared 
with the arc when both were transmitting upon the same wave 
length and delivering the same antenna current. 

The general conclusions to be drawn from the San Francisco- 
Honolulu and Tuckerton-Honolulu tests of 1914 are as follows: 


(1) Under normal dav conditions the comparative trans- 
mission efficiency of continuous waves is somewhat higher than 
that of damped waves on wave lengths above 3000 meters. The 
last term, the divergence factor of formula (10), compared with 
that of formula (5) shows this. 

(2) The transmission efficiency of continuous waves generated 
elther by a Goldschmidt reflection alternator or a Poulsen- 
Federal arc would seem to be the same. 

(3) In transmissions over distances in the order of 4000 nauti- 
cal miles, intervening land appears to be the equivalent of sea 


584 FULLER: RADIO TELEGRAPH Y [April 9 


water, at least during the winter months. This may be due to 
the greater part of the received energy traversing the upper 
strata of the atmosphere. 
- (4) In the 15 curves shown in the figures, much evidence 15 
found adding weight to the theories of refraction, reflection and 
interference upon certain wave lengths. These are further 
borne out by observations made at the Beach station of the Fed- 
eral Telegraph Company, nine miles from the high-power plant 
described herein. Very frequently a wave length used by Hono- 
lulu, which is excellent at one, is useless at the other, and as 
atmospheric conditions change, conditions are reversed. This 
plainly shows interference bands not over 18 miles in width. 
Such phenomena are most apparent at night when reflection is 
pronounced. | | 

(5) Ability to change wave lengths rapidly is of the greatest 
value in long distance radio telegraphy. Fig. 13 shows this to 
good advantage. | 

Formula (10) was derived from a distance of approximately 
2000 nautical miles (3700 km.) and has been checked by the 
data presented herein for a distance of approximately 4330 
nautical miles (8000 km.) It is believed that it is of sufficient 
accuracv for ordinary practical purposes and it is hoped it may be 
satisfactorily used in commercial design. It must always be 
borne in mind, however, that variations of 100 per cent or more 
may occur from day to day under seemingly identical conditions 
at both transmitter and receiver, and also that thé formula was 
derived from data obtained by waves traveling over the waters 
of the North Pacific Ocean, which, as a rule, permits of greater 
transmission efficiency than is found in some other parts of the 
world. 
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INDUSTRIAL CONTROL IN THE FOUNDRY 


BY R. H. MCLAIN 


ABSTRACT OF PAPER 


Most of the control devices which are required in a foundry 
do not differ very materially in their functions from control de- 
vices in other industries. However, they have to encounter an 
unusual degree of dirt. Proper enclosing cases and the latest 
types of safety protection are advantageous. The crane re- 
quires a special kind of control. Тһе difference between alterna- 
ting-current control and direct-current control is discussed and 
it is shown that for most cases, where cranes are properly selected 
and arranged, there is no need of converting alternating current 
into direct current to accommodate foundry cranes. 


ONTROL apparatus in the foundry plays the same vital 
part as in other industries in regard to safety to operators, 
safety to apparatus and speed of production. Indeed safety 
to the operator and apparatus is important and profitable, not 
only for humanitarian reasons, but also as an aid іп causing 
continuity and speed in production. Most of the controllers 
in foundries present problems which are no different from those 
in other industries, except possibly that there is more dirt in 
a foundry than elsewhere. Grinders, mixers, blowers, lifting 
magnets, etc. are the same in the foundry as elsewhere and 
really require no separate treatment. A foundry crane, how- 
ever, is different from other cranes, due to the requirement for 
a very uniform low value of creeping speed for certain opera- 
tions. Some new devices have been recently developed which 
have a peculiar relation to the foundry, such as electric weld- 
ing, electric furnaces, etc. It is the object of this paper to deal 
briefly with those types of control which resemble closely the 
control in other industries and to deal more fully with the 
theoretical side of crane control. 

Miscellaneous machines, such as blowers, grinders, mixers, 
dryers, conveyers, etc. require good substantial hand or auto- 
matic starters, capable of starting the apparatus a few times a 
day. The reliability of these controllers and the safety are 
greatly enhanced by enclosing them and thus protecting work- 
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men from live parts, and also the controller from dirt. Figs. 1 
and 2 show simple hand and automatic starters provided with 
enclosing covers. Figs. 3, 4 and 5 show a recent development 
which has been brought about by the great attention which 15” 
now being given to safety. These illustrations show a totally 
enclosed self-starter with line switch, fuses and two contactors 
for automatic starting. The contactors are controlled by a 
push button station. The cover is so interlocked with the line 
switch that it cannot be opened at the bottom unless the line 
switch is open. The line switch cannot be closed unless the 
cover is closed. As shown in Fig. 3, the cover can be locked 
so that an unauthorized person cannot tamper with the fuses or 
other parts of the controller. As shown in Fig. 4, the cover 
‘can be locked in an open position so that the switch must re- 
main open and no power can be applied to the motor. This 
idea of enclosing all exposed live parts and providing maximum 
protection to workmen is gaining in popular favor every day, 
and I believe all controllers which are near workmen, especially 
those on cranes, where the operator is always close to the con- 
troller, should be thoroughly covered. 

Lifting magnets are very valuable in many of the larger 
foundries where large quantities of scrap or pig-iron have to 
be handled. As is the case with so many other devices, it seems 
that the controlis the key to the situation here. In large mag- 
nets it 1s difficult and dangerous to disrupt the exciting current 
suddenly because the long induced arc burns up the controller 
parts, and the high induced voltage will ultimately destroy the 
insulation of the magnet winding. То overcome these objec- 
tions, a discharge rheostat is connected to the solenoids before 
the exciting circuit is interrupted. ОҒ course, the discharge 
rheostat causes the magnet to be very slow about losing its 
magnetism, and consequently in releasing its load. Controllers 
are provided with a spring-return reverse point. which gives, 
through preventive resistance, a partial reverse exciting current, 
so as to hasten the release of the load. Reverse excitation 
need not be used except where it is advantageous to gain time 
by so doing. 

The controlling devices used for arc welding equipments and 
electric furnaces are usually combinations of hand and auto- 
matic and are comparatively simple. | 

Arc Welding. Тһе standard arc-welding generator delivers 
power at from 60 to 75 volts, and the amount of current used 
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[McLAIN] 
Fic. 1— CoMPLETELY ENCLOSED HAND STARTER FOR DIRECT-CURRENT 
MOTORS 


[McLAIN] 
Fic. 2—THREE-POINT AUTOMATIC STARTER WITH SHEET [IRON EN- 
CLOSING CASE FOR DIRECT-CURRENT MOTORS 
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імсі.л1х! [MCLAIN] 
Fic. 3—T wo-PoiNT CONTACTOR PANEL Fic. 4—Two-PoInT CONTACTOR PANEL 
FOR SMALL DIRECT-CURRENT MOTORS FOR SMALL DiRECT-CURRENT MOTORS 
PROVIDING SAFETY PROTECTION TO PROVIDING SAFETY PROTECTION TO 
OPERATOR OPERATOR 


[MCLAIN] 
Fic. 5—Two-PoiNT CONTACTOR PANEL FOR SMALL DIRECT-CURRENT 


Motors PROVIDING SAFETY PROTECTION TO OPERATOR 
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is varied by a rheostat in series with the arc. In small ca- 
pacities a dial switch is used and in large capacities knife blade 
switches give better results. 

In order to protect the generator against overloads and make 
it unnecessary for the operator to leave his work to close circuit 
breakers, an automatic protection is given by a series relay 
controlling a shunt contactor that normally short circuits a 
preventive resistance. When too much current is taken, the 
preventive resistance is connected in series with the arc and the 
operator is prevented from injuring the generator and disturb- 
ing other operators. 

Arc Furnaces. The use of arc (ances. in refining steel 
requires a constant power control which is obtained by a balanced 
current relay controlling contactors for starting, stopping and 
reversing the electrode motors. This control has advantages 
Over devices formerly used, especially іп comparative freedom 
from opening the main oil switch. A double-throw switch is con- 
nected in the control circuit whereby the control can be operated 
by hand on starting the furnace, and thrown over to automatic 
control as soon as the furnace reaches normal operating con- 
ditions. 

Electric Resistance Furnaces. Іп electric. resistance fur- 
naces, operating at lower temperature, such ав are .re- 
quired for various kinds of heat treatments and melting non- 
ferrous metals and alloys, a constant temperature control is 
used. This is accomplished by varying the voltage impressed 
on the furnace by taking advantage of the characteristics of the 
resistor which in this type of furnace decreases in resistance as 
the temperature increases, and vice versa. 

By manipulating a simple relay the contactors are arranged 
to connect the resistor to a low voltage when the current has 
increased to a certain point, and to a high voltage when the 
current has decreased in a similar way. The operation of this 
control equipment has been very successful, the chart obtained 
from a recording pyrometer giving practically a straight line. 


CRANE CONTROL 
The crane is the most important, as well as the most expensive, 
electrically-operated machine in a foundry, and consequently, 
a very careful, scientific study of the requirements should be 
made before selecting cranes. The distribution of heavy and 
light cranes over the floor should be made to suit the work. A 
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very good solution of this problem in a large foundry is to have 
large overhead cranes and small sidewall traveling cranes, which 
serve as feeders to the large ones and which can pass under 
them. . | 

Maximum full-load hook speed, for which the motor is geared, 
is of vital importance. A careful analysis of the amount of 
work to be done and the delicacy of the operations should be 
made, and the proper speed determined from this. It is clearly 
evident that a locomotive, geared to run at 60 miles per hour, 
would not pull uniformly or slowly enough when drawing a 
thin pattern from the sand, and furthermore this high speed 
would be of no advantage in increasing the output of the foundry. 
The temptation is always to make the speed as great as possible, 
but there are certain definite limits beyond which it is not 
advisable to go. Forty feet per minute is a speed which has 
met with very general favor on five-ton cranes, and even 60 
feet per minute is in use in at least one merchant foundry where 
every conceivable kind of work is done. Fifteen feet per minute 
is quite common on larger cranes. The only trouble on cranes 
geared for the higher speeds, is that at times a uniform creeping 
speed of some low value, around one to five feet per minute, 
must be obtained for drawing patterns, etc. With direct current. 
it is not so hard to obtain this creeping speed, whereas with 
alternating current it is very hard unless the crane is geared 
for a slower speed than the direct-current crane. In either 
case, a well built crane, a good system of mechanical brakes 
and such other things, make a decided difference in the accuracy 
of control. However, with all other conditions equal, alternating 
current is at a disadvantage. 

I know of a case where a crane is designed to take care of 
only one kind of work, and when this crane was first proposed, 
40 feet per minute was, as a matter of course, chosen for the 
proper maximum hook speed. Тһе crane was to be used 
for drawing verv thin patterns and was to be driven by al- 
ternating-current motors. Ап investigation of the exact cycle 
of operation of the crane showed that a hook speed of 12 ft. per 
min. would do just as much work in a day as would 40 ft. per min. 
With this lower hook speed, alternating current was ideal in 
operation. Indeed, there are few cases where it is necessary 
to change the form of power from alternating current to direct 
current merely to accommodate foundry cranes, provided the 
crane itself is built properlv, fitted with the proper mechanical 
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load brakes and the maximum full-load hook speed is of the 
correct valuc..- 

On a crane running at 60 ft. per min., or less, a controller 
viewed from the standpoint of the opcrator, really needs only 
two points for hoisting and two points for lowering. The 
first point should give a uniform creeping speed regardless of 
the load, and would be used for performing delicate operations. 
The second point on the controller should. give maximum speed, 
and would be used for making quick trips in transferring the 
material. Of course in ordinary commercial controllers more 
than twó points of control are necessary in order to transfer 
the motor speed, without undue shock, from the creeping speed 
to the maximum speed and vice versa; 
and there is no objection, from an 
operating standpoint, to having sev- 
eral such points of control. To obtain 
this desired form of control in a 
hoisting direction, a simple rheostatic 
controller can be used, because the 
torque on the motor depends directly 
on the amount of hook load, and the 
speed can be controlled simply by in- 
р serting resistance in series with the 

ts Sse armature, or into the secondary cir- 
Fic. 6-5рЕЕр-Токоов cuits of а wound-rotor induction ' 

Curves oF WouNp-RorosR motor, thereby cutting down the speed 

INDUCTION MOTOR WHEN to the desired point. However, for 

CONTRDEEED BY 12 Бот lowering loads, the tendency is for the 

RHEOSTATIC CONTROLLER 

load to make the motor run away, and 
it is necessary either to use dynamic braking control or to equip 
the crane with some form of a ‘‘ mechanical load brake." This 
* mechanical load brake ” is an automatic friction braking 
device which not only holds back against the falling hook load, 
but also requires power from the motor to drive it in a downward 
direction; consequently, in so far as the motor is concerned, 
the work and method of control for lowering is very much like 
the conditions when the hook is being hoisted, except that the 
terque required from the motor is practically constant regardless 
of the amount of load on the hook, whereas in hoisting, the torque 
depends directly upon the hook load. 

Fig. 6 shows the speed-torque curves of a wound-rotor induc- 
tion motor on the various points of a 12-point rheostatic control- 
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ler, arranged for foundry service. The object to be attained in 
laying out such a controller is to provide rheostats of sufficient 
value and also a sufficient number of controller points, so that 
as low a value of creeping speed can be obtained as 15 desirable 
or necessary for whatever range of torque values the motor will 
encounter. This particular controller is so arranged that for 
any value of torque between 18 per cent and 200 per cent, 
a point can be found on the controller which will give a speed 
of about 25 per cent or less. By using a larger number of 
controller points, the value of creeping speed could be kept still 
lower. In fact, from a strictly theoretical standpoint, by using 
an infinite number of points, any desired creeping speed of a 
uniform value could be obtained. However, under practical 
conditions, there are certain limitations to the benefit which could 
be thus obtained. 

The slip of a motor for a given torque varies on each of thesc 
controller points inversely as the square of the line voltage, 
and this element alone upsets theoretical results. Furthermore 
when the gearing of a crane is revolving at low speed, the torque 
required on the motor is not absolutely uniform but varies 
sometimes with a slight eccentricity of some part, or as the 
gear teeth mesh in and out. The resistance elements change іп 
value with temperature. Furthermore, there is always consid- 
erably more torque required in order to break static friction when 
starting the load than is later required to hoist it. All of these | 
variable quantities tend to produce a non-uniform creeping speed 
on this form of motor; consequently for an operator to maintain 
a uniform—or practically uniform—creeping speed, it is necessary 
for him to be continually passing the controller from one point 
to another. Under such conditions, the advantage to be ob- 
tained 1n having a very large number of points disappears, and 
it becomes more important that a controller be provided whose 
design is so substantial and positive that the controller itself 
does not introduce any more variables into the svstem than al- 
ready exist. Тһе resistance material should be made ample 
in quantity so as not to change its ohmic resistance appreciably 
due to temperature; and the controller handle should be so 
made that its movement is relatively large in proportion to the 
amount of change in motor speed which it produces. 

With a controller arranged as 15 shown in Fig. 6, and provided 
with large travel of handle and substantial type of resistance, 
it is easily possible to handle, on а well designed crane, any 
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kind of foundry work for maximum hook speeds up to something 
like 40 to 60 ft. per min. However, a great deal of care would 
be required from an operator to obtain the desired uniformity 
of speed control when trying to maintain a specd of around 
10 per cent. On account of this, it is not advisable to use such 
a high maximum hook speed where a large percentage of the 
time 1s spent in maintaining such a creeping speed. Іп a large 
number of merchant foundries there is, of course, only a rare 
necessity for having extreme low speeds and at all other times 
the high maximum speed is of great advantage. 

I have made a few calculations which show, in definite fig- 
ures, how quickly an operator is required to turn his controller 
from one point to another in order to keep the speed down to 
a low value. 

Assume a load requiring 100 per cent torque from the motor 
for hoisting, but as is usually the case, assume that 25 per cent 
extra torque is required to break static friction. It will, there- 
fore, be necessary to turn the controller to point seven, Fig. 6, 
before the motor will start. The motor will accelerate to 30 
per cent of normal speed if the controller is left on this point. 
The area A B C represents the value of torque available for 
accelerating. If we assume that 100 per cent of the motor 
torque would be required to accelerate the load, crane and motor 
parts to full speed in one second, we have the following speed- 
time curve: | 


5 per cent speed in 0.128 seconds, ' 
10 я “ « 0.284 р 


15 Ы 4 & 0.484 2 
20 “ “ © 0.774 B 
25 s “ « 1.224 “ 


Since it is an easy matter for а trained operator to act іп less 
than 0.2 seconds, the operator will have ample time to turn back 
to point 6 before the speed reaches more than 73 per cent. The 
hook would then proceed at a uniform speed of 5 per cent on 
point 6. The above statements, of course, presuppose absolute 
uniformity of supply voltage and frequency, also uniform torque 
requirements from the motor. 

In order to compare operation with an infinite number of 
points as against a definite number of points, I have drawn 
‚іп the dotted line between point 6 and point 7 (61). This re- 
presents the speed-torque curve which gives exactly the correct 
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value of torque to start the load, viz. 125 per cent. On such 
a point, we would have the following speed-time curve: 


5 per cent speed in 0.218 seconds, 
10 i “ “ 0.514 я 
15 а “ “ 1.014 * 


It will be seen that on this point, the motor would attain a 
uniform speed of 20 per cent unless the controller was turned 
back to a position corresponding to point 6, and it is, therefore, 
evident that there is no particular advantage in having an 
infinite number of points unless perhaps it gives the operator 
a little bit more time in which to act. However, unless such a 
controller is so constructed that the travel of the handle, corre- 
sponding to a change from one torque curve to the other, is 
. large, such an advantage immediately disappears. Since the 
total travel of the controller handle is necessarily limited to 
that which is convenient for an operator's hand, the limit to 
the advantage of adding to the number of controller points is 
quickly reached. | 

А third speed-time curve has been calculated for a condition 
of load that requires 50 per cent of the motor torque. Under 
this condition with a static friction requiring 623 per cent to 
start, point 5 would have to be used and the speed-time curve ` 
would be as follows: 


5 per cent speed іп 0.18 seconds, 


10 5 “ “ 0.39 : 
15 Я “ 4 0.64 а 
20 ü *. * 0.95 я 
25 б “ © 1.37 ñ 
30 T 4 “ 1.99 s 


It will be seen that the operator will have ample time to turn 
back to point 4 before a speed exceeding 74 per cent is reached. 
In this case he would have to jog along between points 3 and 4 
in order to maintain a speed less than 7% per cent. As stated 
in the paragraph above, all of these calculations presuppose 
that several factors remain constant, whereas in fact these 
factors do not remain constant, and for this reason a great deal 
of skill and attention is required of an operator in order to main- 
tain a speed as low even as 10 per cent. 

When a direct-current, series-wound motor is used, speed- 
torque curves as shown in Fig. 7 can be obtained by rheostatic 
control in exactly the same manner as is shown for alternating 
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current in Fig. 6. A typical case would be represented by a 
controller which would provide curves, point 1, point 2, point 3, 
point 4 and point 5, and with such a controller the same diffi- 
culty in maintaining a creeping speed would be encountered as 
with alternating current,—that is to say, such a controller would 
begin to introduce some difficulties in operation when used for 
a maximum hook speed of greater than about 15 ft. per min. 
However, if instead of point 1 we arrange for point А by con- 
necting some resistance in parallel with the armature and some 
resistance in series with the armature and field, then it is a very 
simple and easy matter to obtain the desired creeping speed. 
In Fig. 7, point A is obtained by arranging the resistance so 
that at standstill 170 per cent of normal current flows from the 
line through the series field, and of this 
current, 136 per cent of the normal 
current flows through the armature; 
whereas when the motor 1s running with 
no torque at all, the voltage across its 
armature will be held down to 27 per 
cent of normal voltage by means of the 
shunted resistance across the armature. 
аар иа Curve point А shows that with a load 
Fic. 7—5РЕЕр-ТокочЕ requiring 100 per cent torque from the 
Curves оғ DiRECT-CUR- motor for hoisting and not over 1374 
RENT: ERLE SOU NY рег cent torque to break static friction, 
MOTOR WHEN CONTROLLED i 
pv Боумрвү-Түре Сох. & Creeping speed of 7 per cent of normal 
TROLLER—-HOISTING SIDE Speed can be obtained. On 50 per cent 
load, a creeping speed of 16 per cent 
can be obtained. If necessary, another curve lower in value 
than point A can be provided. This curve shows clearly two 
marked advantages for the direct current over the alternating 
current. First, a lower value of creeping speed can be ob- 
tained, and second, no especial skill or attention is required 
of the operator in order to obtain it. The controller is simply 
turned to the first point and left there without further attention. 
As mentioned in the first part of this paper, it is required for 
lowering either that a mechanical load brake be provided or 
that dynamic braking be used. Of course on an alternating- 
current motor it is possible to obtain regenerative braking— 
that is, when the motor is driven above synchronous speed it 
acts as a generator and retards the driving load. Such a motor, 
equipped with a substantial solenoid brake, would give desired 
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maximum speed control of the crane, but would not give desired 
creeping speed control. With direct current it is possible to 
connect the motor for lowering so that any desired speed can be 
obtained uniformlly. Fig. 9 shows the connections of a controller 
arranged to give dynamic braking for lowering. Points 1, 2, 3, 4 
and 5 in Fig. 7 show the speed-torque curves on points 1, 2, 3, 4, 
and 5 of the hoisting side of this controller. Points 1, 2, 3, 4, 
5 and 6 in Fig. 8 represent the speed-torque curves on points 
1 to 6 respectively on the lowering side of this controller. "These 
latter curves show that when torque is required of the motor to 
drive the load downward each point of the controller will give 
a certain amount of torque; whereas should torque be required 


_ d . lesre " = 
o 1 * jo i 
9 PERCENT TORGU 


Еіс. 8—SPEED-TORQUE CURVES OF Fic. 9—-CONNECTIONS OF 
DIRECT-CURRENT SERIES-WOUND Mo- CRANE Hoist CONTROLLER 
TOR WHEN CONTROLLED BY FOUNDRY- WITH DYNAMIC BRAKING ON . 
TYPE CONTROLLER—LOWERING SIDE THE LOWERING SIDE 


to hold back a falling load, this same point on the controller 
will give this required torque at a slightly higher speed. Con- 
sequently there is no danger of the load running away on any 
point. 

Reviewing the above paragraphs, I would conclude by saying 
that for foundry service a careful arrangement of cranes should 
be made to accommodate the work 1п the best possible manner. 
The maximum hook speeds for the cranes should be chosen care- 
fully and scientifically. For maximum hook speeds of 15 
ft. per min. and less, ordinary rheostatic controllers are prac- 
tically always suitable without very special precautions being 
taken to adapt them for foundry service. For maximum hook 
speeds above 15 ft. per min., it is sometimes necessary to go to 
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special arrangements. On direct current, a convenient method 
is to use a shunting resistance across the armature for obtaining 
creeping speed. For alternating current, it is necessary to pro- 
vide a larger number of controller points and sufficient resistance 
to reduce the torque at starting to about 25 per cent of normal 
torque. While it is true that direct: current gives a nicer and 
more convenient control for creeping speeds, yet alternating 
current provides good enough control for practically all cases. 
Where a foundrv is large enough to admit the use of several 
different cranes, each having a different value of maximum 
hook speed, the shortcomings of alternating current disappear 
altogether in most cases. Even where only one or two varieties 
of cranes are used in a foundry alternating current may give 
entire success, provided most of the creeping speed work re- 
quires not less than 25 per cent of normal speed and only a 
small portion of the creeping speed work requires as low as 
10 per cent of normal speed. Тһе success of this latter arrange- 
ment depends largely on the excellency of the mechanical load 
brake, solenoid brakes and gearing which are furnished with the 
crane. Where alternating-current power is supplied by a power 
company, it is, therefore, rarcly necessary to go to the extra 
expense of converting this power into direct current so as to 
accommodate foundry cranes. 

As a basis of recommendation I would present, for the con- 
sideration of those present, the statement that alternating 
current is acceptable when used with a well built crane, a good 
solenoid brake and a good mechanical load brake under either 
of the following conditions: 

First (a) When not less than 25 per cent of maximum geared 
speed is required for delicate operations. 

(b) When torque to break static friction does not exceed 
running torque bv more than 33 per cent: or 

Second (a) When not less than 10 per cent of maximum 
geared speed is required for delicate operations. 

(b) When torque required to break static friction does not 
exceed running torque Бу more than 25 per cent. 

(c) When the time used up in performing delicate operations 
does not occupv more than 5 per cent of the total time of the 
Operator. 

I hope that the above statements will bring forth enough 
discussion to settle on rules which can serve as a guide. 
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MILL CONTROLLERS 


BY H. F. STRATTON 


ABSTRACT OF PAPER 


Electric power is largely supplanting all other types of power 
for steel mill work probably on account of its superior controll- 
ability. Inalmost any type of mill control the object is to start, 
stop and reverse the machine and its load in the shortest space 
of time, work done at constant speed being of minor importance. 
This leads to an investigation of the acceleration of motor-driven 
machines. Тһе ratio gearing between the motor and the ma- 
chine is one of the important factors influencing the time of 
starting and stopping the machines. Analysis is made of the 
effect of gear ratio between motor and machine, and equations 
are deduced from which can be calculated the best ratio of gear- 
ing for quick starting, quick stopping, or quick starting and 
stopping. While these equations may be used to determine 
theoretical limitations of speed and acceleration any deductions 
drawn from their use must necessarily be modified by practical 
considerations. 


PROPOSE to eliminate from discussion in this paper, 

controllers for: First, motors driving main rolls; second, 
motors on cranes or ore bridges, and third, motors operating 
skip hoists. This confines the subject to that class of controllers 
somewhat vaguely, but rather understandingly, designated as 
mill controllers. This caption will be taken to include controllers 
for the operation of hot metal mixers, charging machines, open 
hearth furnace doors, soaking pit covers, ingot buggies, mill 
tables of all descriptions, screw-downs, manipulators, shears, 
saws, furnace pushers, cooling beds, etc. 

In the business of making steel there has never been a dis- 
position to permit any unproved theoretical considerations to 
loom very large in comparison with proved practical operating 
methods. Any proposed system or method has been compelled 
quickly to establish its just claim to recognition or else promptly 
be discarded. So far is this statement meant from being a 
criticism, that I wish to say that I thoroughly believe the pres- 
ent practise in regard to mill controllers represents, to a high 
degree, a successful compromise between theory and practise, 
insofar as theory and practise may be considered conflicting. 


Manuscript of this paper was received March 12, 1915. 
| 599 


600 STRATTON: MILL CONTROLLERS [April 15 


In a recent paper before the Association of Iron and Steel 
Electrical Engineers, Mr. Tschentscher said, "the hearty co- 
operation of manufacturer and user has resulted in the produc- 
tion of reliable electrical equipment, both for generation and 
utilization. Operation costs of such equipment are far below 
that of any other type of equipment. Moreover, quality of 
output and the quantity of the same has been greatly improved 
by the application of electricity in the iron and steel industry. 
Lastly, electrical equipment is now so arranged that the result- 
ing installations tend to the promotion of the greatest comfort 
and safety to the working force, requiring a minimum tax upon 
its vitality. Electrical engineers in the iron and steel industry 
may well, therefore, look into the future for a larger demand 
upon their capabilities and for the development of their initia- 
tive and capacity to the utmost." In almost all writing purport- 
ing to deal in а comprehensive way with the manufacture of 
steel, one will find that electric drive is freely conceded as being 
a very important and probably indispensable factor in the 
rapid development of this industry to its present effective 
status. Тһе effectiveness of electric power in a steel mill, is 
largely due to the fact that the equipment has been designed 
and built to meet the special requirements of steel mill work. 
It is significant that the phrase “mill type machinery" means 
without further explanation, machinery that will stand up to 
its work. ' 

In a steel mill, electric power, considered merely as power, 
is no better than steam power or hydraulic power. Electric 
power has largely supplanted all other tvpes of power probably 
because of its superior controllability. One man controls the 
operations of possiblv three or four motors which start, stop, 
or reverse the ponderous machinery necessary for the manu- 
facture of steel. "These operations are performed with compara- 
tively little phvsical or mental effort, they are duplicated in 
their most efficient form thousands of times each day, and 
they are so hedged around with protective devices that the haz- 
ard to men and machines has become astonishingly small. 

The manufacture of steel is essentially a series process; the 
continuity of operation of each step hinges on the preceding and 
succeeding steps being performed regularly and on time; а slow- 
ing down of any important part of a mill is equivalent to slowing 
down the entire mill; the output of a five million dollar unit— 
and therefore the return on this investment—may be limited 
by the slowness of the screw-down of the blooming mill. 
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Of the entire time and work expended in a mill, а part is 
devoted to actual manipulation of the.steel in heating, pouring, 
rolling, shearing, sawing, and finishing; this part is basic; it 
is itself the manufacture of steel; it may be improved, it cannot 
be eliminated. The other part of the work and time is devoted 
to the adjustment of machinery and conveying the steel from 
one operation to the next one; it consists, for instance, in the 
opening and closing of furnace doors and soaking pit covers, 
the transportation of the product by ingot buggies and tables, 
the adjustment of screw-downs and gages, the movements of 
manipulators. Such operations, although necessary, become 
waste time if they delay the real operations of heating, rolling, 
shearing, etc. This, in general, is the class of work to which 
mill controllers are applied. Their general specifications may 
be summed up by saving that it is taken as a matter of course 
if they operate satisfactorily day after day, but it is a matter 
of much comment if they cause a half hour's delay. 

In almost any type of mill controller the main object is to 
start, stop, of reverse the machine and its load in the quickest 
feasible period of time. Тһе work done at constant speed 15 
of minor importance. І believe, therefore, that a general in- 
vestigation and analysis of the acceleration of a motor-driven 
machine is a proper subject to be considered in this paper. 

In the ensuing discussion of the acceleration of a motor and 
its load, the entire work performed by the motor will be con- 
sidered to be of only two kinds, viz., the inertia load and the 
work load. Тһе inertia load will be taken as the number of 
foot-pounds necessary to make any selected change in the 
rotary or linear velocities of all bodies moved by the motor, in- 
cluding its own armature; this is exclusive of any work done 
against friction or in lifting any weights against gravity; it is 
in short what is known as the flywheel load. The work load 
will be taken as as the sum of all the other amounts of work 
necessary for driving the machine; it will be represented for the 
most part by the friction of the machinery, but in some ma- 
chines the lifting of weights against gravity will be a part of 
the work load. | 

During the process of acceleration of a motor, the torque 
developed by the motor is, of course, governed solely by the 
motor current, the high and low values of which are governed 
by the controller. When full line voltage has been applied to the 
motor, the torque is still dependent upon the motor current, 
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but the motor current is now determined, first, during that time 
in which the motor speed is increasing, by the work load and 
the inertia load, and second, during the later period of relatively 
high and constant speed, mainly by the work load. 

In other words, in the complete acceleration of a machine 
driven by a series or compound-wound motor, there are two 
stages through which motor and machine must pass before 
they attain a situation of even instantaneous stability. 

The first stage begins when the armature and the starting 
resistance are connected to the supply lines and ends when the 
starting resistance has been completely short circuited and'the 
armature is receiving full line voltage. Ав the great majority 
of mill controllers are of the magnetic-switch current-limit 
type, manual controllers will not be considered. Тһе initial 
current peak is determined and limited by the starting resist- 
ance, and is generally approximately 150 per cent of rated full- 
load motor current. Тһе first and all valley currents are de- 
termined and limited by the operation of series current relays 
or magnetic switches. All following peak currents are deter- 
mined and limited by the successive sections of resistance per- 
mitted to remain in series with the motor. The time and the 
mode of variation between each peak current and its succeed- 
ing valley current, are governed by the relation between de- 
veloped motor torque and work and inertia loads. With the. 
usual magnetic switch controller peak currents may be assumed 
roughly to be 150 per cent, and valley currents 100 per cent, of 
rated full-load motor current. The average shape of the current- 
time curve between peaks and valleys may be approximated; 
it curves downward so that the average is somewhat less than 
half the sum of the peak and valley currents. If the character- 
istics of the motor are available it is possible to make a fairly 
accurate determination of the average developed motor torque 
during this first stage. With any given machine and driving 
motor, the inertia load is precise and definite; it is the sum of 
the number of foot-pounds that must be imparted to each ro- 
tating element to bring it to its final speed; in each case 1t is 


2 
the product of a constant T the moment of inertia (weight 


X square of the radius of gyration), and the square of the number 
of revolutions per second which is finally attained. The amount 
of inertia load which is absorbed by any rotating member in 
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attaining any definite speed of rotation is independent of the 
time but is directly dependent upon the speed attained. The 
time, however, varies inversely with the driving torque. 
Let Т = torque tending to rotate a body without friction; 

N = final speed of rotation of body; 


I = moment of inertia of body; 
t = time required to accelerate from rest to speed М; 
C = aconstant. 
Then; CIN 
i= 
T 


The work load is indefinite and may vary at different speeds. 
On a mill table, it certainly increases if the bearings are tight, 
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if the grease is cold, or if the rolls are warped by excessive 
heating. 

The second stage begins when full line voltage is applied to 
the armature, and ends when the developed motor torque 
equals the torque of the work load. As long as the motor 
torque is larger than that of the work load, the surplus of motor 
torque is devoted to a further increase in speed. 

Fig. 1 is a graphical representation of the variation in motor 
current and motor torque as they occur in the acceleration of 
a motor-driven machine from rest to a speed at which the work 
load is equal to the developed torque. In the diagram of Fig. 
1, the horizontal axis represents time, and the vertical axis 
represents, in the case of the lower curve, motor current, and 
in the case of the upper curve, developed motor torque. Con- 
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sidering first the current curve, when the line switch is closed 
at a, the current quickly rises to the peak at b, and the motor 
starts to accelerate, the current dropping until it has reached 
approximately full load value. Тһе first accelerating switch is 
supposed to close at c, giving the peak d, after which the current 
again drops to full load value as at point e. Another accelerat- 
ing switch is here supposed to close, giving the motor armature 
full voltage which results in the peak f. "The occurrences from 
the point a, to the point f collectively, form what has already 
been called the first stage of acceleration in the motor. It 
is convenient to extend this stage to the point g, which might 
be described by saying that it 1s that instant of time when the 
motor current has dropped to its full load value, and when, 
therefore, the motor has attained normal full-load rated speed. 
From the point g to h, the current is constantly diminishing, 
due to a further acceleration of the motor and its load, until, 
at the point A, the motor torque has diminished to such ап 
extent that it is equal to that of the work load. Тһе current 
passing through the motor when it has reached a state of con- 
stant speed, has been assumed here to be one-half of full-load ` 
current. I have selected this value of motor current because 
it is approximately the percentage of full-load motor current 
which I have frequently found would be taken by a motor 
driving a mill table, providing the table is allowed to run con- 
tinuously in one direction. In the case of an ordinary series 
mill motor, this would mean a speed of about 50 per cent greater 
than normal, and while I realize that many motors driving mill 
tables would attain speeds much higher than this, yet this 
figure will be representative enough to serve present purposes. 

The upper curve 1, 7, k, l, m, n, o, p, indicates the variation 
in motor torque which, of course, in the case of a series motor, 
varies at a more rapid rate than the motor current. Іп other 
words, when the motor current varies from full load to 50 per 
cent overload, the motor torque varies from full load,to about 
75 рег cent overload. Correspondingly, when the motor current 
has dropped to about one-half full-load, the motor torque is 
about one-third full load. Тһе horizontal dash line qr, 16 the 
average motor torque developed during that portion of the ac- 
celeration of the motor which begins when the line switch is 
closed and ends when the motor armature attains normal full 
load speed with full voltage applied. Тһе horizontal dash line 
st, represents the motor torque developed during the balance 
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of the acceleration and ending when the speed of the motor 
has become constant. 

Any factor that prominently influences the time of starting 
and stopping mill machinery, is worth investigating. The ratio 
of gearing between motor and machine is such a factor and is 
one of decided importance. This has been guessed at ever 
since motors were used in a mill. On identical machines in 
different mills—and sometimes in the same mill—this ratio of 
gearing has varied 10 to 1. In an experience with a good many 
hundred mill controllers, I have seen more troubles traceable 
to poorly selected ratios of gearing than to any other single cause. 

The balance of this paper, will be an attempt to analyze the 
effect of the ratio of gearing between motor and machine, and 
to determine what this ratio should be to give the quickest 
starting and stopping. 
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Fig. 2 represents diagrammatically any typical mill machine 
and its motor. Besides the armature shaft, there are three 
Shafts x, y, and z. The dotted circles indicate gearing and the 
solid circles indicate the weighis rotating on each of the shafts 
x, y, and z. Let these weights be designated respectively 
Wx, Wy, апа W, and let their corresponding radii of gyration 
be called kz, ky, and k,. Then their moments of inertia are as 
follows: 


Ix = W; kx? 
I, = Wy ky? 
І, = W, k 


Let r, = ratio of gearing between shaft x and armature, so 
that the armature rotates rx times as fast as shaft x; 
ratio of gearing between shaft y and shaft x; and, 
rs = ratio of gearing between shaft z and shaft x. 


e 
| 
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Then 1f shaft x is revolving at a speed of S revolutions per 


second, the speed of shaft y= , and the speed of shaft 


y 


! ; | 2 . 
The inertia load of any rotating member equals z times 


its moment of inertia, times the square of its speed. Therefore 
if the entire system is rotating at such an angular velocity that 
the speed of the shaft x is S revolutions per second, the inertia 
load of the shafts x, y, and z is as follows: 


2 2 < 2 
Inertia load = a 921, + A 1, + er 
£ £ £ T 


үу! 
_ 2ms? E I, 
= g Є T ry? re ) 
This inertia load would be identically the same if we had 
the condition shown in Fig. 3, where the 


Г, 


moment of inertia of the shaft x is supposed „7 E 
to have been increased from 1;, to е © i 
I 
\ 
I “Б dy I, M 
ry. 73°. p c 


MOTOR 


In other words, so far as the inertia load of Fic. 3 


a machine is concerned, it may be considered 
concentrated on any one selected shaft, providing the moment 
of inertia of the member on each other shaft is divided by the 
square of the ratio of gearing between that shaft and the selected 
shaft. Or it may be stated that the equivalent moment of 
inertia of one revolving part, at the center of rotation of another 
revolving part to which it is geared, is inversely proportional 
to the squares of the respective speeds of rotation of the two 
parts. 

Referring back to Fig. 2, assume that on shaft x, there is a 
load torque of F, pound-fcet; on shaft y, one of Fy pound-feet ; 
and on shaft z, one of F, pound-feet. 


р I N : 
. If shaft x, makes N revolutions, shaft y makes ^» revolutions, 
y 


N | 
and shaft 2 makes = revolutions. 
s 
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Then 


Ё, 


Work load = 2-NF, + 2т\/ гэ + InN : 
y в 


av (r+ È + 4) 


y fg 


It is apparent that the work load would be the same with the 
conditions of Fig. 3, providing the load torque of shaft x is 


| Е 
supposed to have been increased from Fx, to Fx + э + үзі 
` y £ 


In other words, so far as the work load of a machine 1s con- 
cerned, it may be considered concentrated on any one sclected 
shaft, providing the load torque of each shaft is divided bv the 
ratio of gearing between that shaft and the selected shaft. 

The significance of these two laws is that we may consider any 
piece of mill machinery—for instance a roller table or a screw- 
down—as being mathematically the equivalent of a body having 
a certain moment of inertia and a certain load torque, both 
the moment of inertia and the load torque being considered to 
be concentrated on one shaft. This shaft may conveniently be 
assumed to be the one to which the motor is geared and it will 
be assumed that this shaft carries a weight having a moment 
of inertia equal to the sum of the equivalent moments of inertia 
of all parts of the machine and that a load torque acts on this 
shaft equal to the sum of the equivalent load torques of all 
parts of the machine. There is nothing uselessly complicated 
in these assumptions; on the contrary, thev permit the use of 
simple computations instead of some very intricate ones. In 
the following discussion a mill machine will be considered as 
a motor geared to a shaft carrving a weight having the equiva- 
lent moment of inertia of the entire machine and acted on by 
the equivalent load torque of the entire machine. In short 
we have the conditions shown in Fig. 3. 


Let I, = moment of inertia of machine 
Із = moment of inertia of armature 
N = number of revolutions to be made by machine 
r = ratio of gearing of machine to motor 
T = mean torque developed by motor, in pound feet 
t = time of acceleration in seconds 
F = load torque of machine. 
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The total work done by mator while the machine makes N 
revolutions | 
| = 27TrN (1) 
The total work done against the load torque while the machine 
makes N revolutions | 
= 2TFN (2) 


The average speed of rotation of the machine is 2E hence its 


final speed of rotation 1s zm. 


Similarly, the final speed of rotation of the armature is 


Тһе inertia load of the motor is 
ST^ID.?N?* 


oF | (3) 
Similarly, the inertia load of the machine is 
ST?I,N? 
oP (4) 


Now, if the machine starts from rest and makes N revolutions, 


(1) = (2) + (8) + (4) 
ӘтТУУ = 2TFN + TE (1, + L, 7) (5) 


From (5), we get 


zt ат (11 + 1, r?) 
-N g (Tr — P) (6) 


Equation (6) then indicates the length of time required to 
start from rest and move the machine any definite distance 
corresponding to N revolutions. The following important de- 
ductions can be made from equation (6). 

A. Since the current is proportional to the motor torque Т, 
the power input is proportional to Tt; in other words, the kilo- 
watt-hours necessary to move the machine any number of 
revolutions, is least when the time, /, 1s a minimum. 

B. On the same basis of reasoning the heating of the motor 
is least when the time, ¢, is a minimum. 

C. The time of acceleration, ¢, increases as the square root 


of the number of revolutions, 7. e., V М. 
D. Increasing the moment of inertia of either the machine 
от armature, increases the time, 4. 
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E. Increasing the motor torque, Т, decreases the time, f. 

F. Increasing the load torque F increases the time, 2. 

С. Ту must always be greater than F, or ¢ will be infinite; in 
other words, the motor would never accelerate. | 

The ratio of gearing, ғ, enters into the equation in а manner 
not simple enough to permit of the determination of its effect 
by inspection. “Го determine what should be the value of r 
in order that / may be a minimum, the differential of ¢ with 
respect to r is equated to zero. Omitting the various steps of 
the calculus, the following equation is obtained: 


(Е) +8 т) 


By the use of equation (7) and knowing the moments of 
inertia of machine and armature, the motor torque and the 
load torque of the machine, that ratio of gearing, 7, may easily 
be determined, which will cause the machine to make N revo- 
lutions in the shortest time. It is to be noted as important, 
_that N does not appear in equation (7). In other words, this 
most favorable value of r as determined by equation (7), is 
the same, no matter how many revolutions are made by the 
machine. 

The equations (1) to (7) inclusive, relate to the condition of 
the machine starting from rest and making WN revolutions. 
Of equal importance is the condition that the machine, when 
running at any speed. should be brought to rest in the shortest 
time by reversing the current through the armature. 

Let Iı, L,, r, Т and F have the.same significance as in the 
case of acceleration of the machine. In addition let 


fy time of stopping in seconds. 
speed of machine in revolutions per second when 
motor 15 reversed. 


The inertia of the machine 


2T? (8) 


The inertia of the armature 


xs (9) 
EU p 
& 
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The average speed of the machine in revolutions per second 


rol Ca 


: h . А 
Therefore, the machine makes Эл. revolutions before com- 


А Ее rt А 
ing to rest. Similarly the armature makes S revolutions be- 


2 


fore coming to rest. 
The total work done by the motor while bringing the machine 


to rest, from a speed .S, 
= TlSr. (10) 


The work load of the machine assisting the motor in bring- 


ing the machine to rest 
= ТЕО. (11) 


Then (8) + (9) = (10) + (11) 


9121,5? i oq? Ins? 


: = mTSri; + mFSl, (12) 


From (12) we get 


27.5 (Т, + Iar?) 


uc ТЕЕ) 


(13) 


Equation (13) indicates the length of time required to bring 
a machine to rest from а speed S, by reversing the current 
through the armature. As in the case of acceleration, the 
following deductions can be made by inspection: 

А. Тһе power input in the motor is a minimum when the 
time of stopping, А, 15 a minimum. 

B. The heating of the motor is least when /, is a minimum. 

C. The time of stopping varies directly as the speed, .S, of 
the machine. 

D. Increasing the moment of inertia of either. armature ог 
machine, increases the time, 4). 

E. Increasing the motor torque, Т, decreases the time, А. 

F. Increasing the load torque, F, decreases the time, 4). 

As before, the differential of 44 with respect to r, is equated 
to zero to determine that ratio of gearing, r, which will give 
the quickest stopping. This value follows: 


2 
Айсы ҮШ: (м) 
m 3+ (+) -F | 
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Note that this value of ғ involves the same quantities that 
enter into equation (7) and that it is independent of S. 

We have now determined two values of r from equation (7) 
and (14). That of equation (7) is for quickest starting from 
rest and making any number of revolutions; that of equation 
(14) is for quickest stopping from any speed of rotation. It 
would be possible to make another determination to give the 
value of ғ for quickest starting plus quickest stopping. It is 
not possible to say whether quick starting or quick stopping 
is of the most general importance; also it is not true that a motor 
is reversed every time it is started. It seems reasonable, there- 
fore, to assume that the most favorable value of r would be the 
arithmetical mean of the two values as determined by equations 
(7) and (14). 

This gives the value of the ratio of gearing, >, as follows: 


r = A|— + > (16) 


It is next in order to make some practical use of the equa- 
tions. Assume that it is desired to investigate the ratio of 
gearing of some motor driven machine, say a mill table. For 
any standard mill motor it is easily possible to secure the weight, 
W, of the armature and its radius of gyration k,k being expressed 
in feet. 


Then Г, = Wk? (16) 


Preferably adjust the controller to give peak currents of 150 
per cent full load and valley currents of 100 per cent full load. 
The rated full-load current of the motor can be determined from . 
the speed-torque curves of the motor. Connect a recording 
ammeter in the motor circuit, accelerate the motor from rest 
and allow the motor to run until the motor current has become 
constant. From the speed-torque curves of the motor, deter- 
mine the torque at the motor in pound-feet corresponding to 
the constant motor current; let this torque be called H 


Then, | F = rH (17) 


where r represents the existing gear ratio. 

On the record made by the recording ammeter, note accurate- 
ly the point where the motor has dropped to exactly full-load 
value after full line voltage has been applied to the motor. 
In other words, this is the point where the motor current reaches 
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full-load value after the last accelerating switch has closed, 
and is indicated by g in Fig. 1. Measure accurately on the 
record the time between the closing of the line switch and the 
point g. This interval of time is t. From the speed-torque 
curves of the motor and the current record, determine the 
average torque developed by the motor during the interval of 
time beginning when current first passes through the armature, 
and ending when the motor current drops to full-load value 
after full line voltage has been applied to the armature. In 
other words, determine the average torque developed by the 
motor during the interval of time ¢. This torque is Г and 1s 
expressed in pound-feet. - | 

From the speed-torque curves of the motor, determine the 
speed of the armature at the point g. Let this speed be called 
P, which should be expressed in revolutions per second. If 
the armature starts from rest and reaches a speed of P revolu- 
tions per second, its average speed during this time of accelera- 


EE > I 
tion is > revolutions per second. The total number of rev- 


olutions made by the armature during the time t, and rotating at 


an average speed of 5- revolutions per second is obviously ss 


Therefore ІР 


Equation (B) may be solved for J; as follows: 


_ 2.56 (Tr - F—) Ë — 
E N 


I, r, F, t, N, and 1% аге all known, and the moment of inertia 
of the machine, 7i, can easily be determined by inserting these 
values in equation (19). 

Equations (7), (14), and (15), can be solved for r when T, 
In, F, and I, are known. Тһе determination of T has been 
explained; Г, F, and J,, are respectively obtained from equations 
(16), (17), and (19). If quick starting is of major importance, 
r can be determined from equation (7). If quick stopping is 
the chief consideration, r should be determined by the use of 
equation (14). On the other hand if quick starting and quick. 
stopping are of approximately equal importance, equation (16) 
should be used. 


І, Гут? | (19) 
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A mare comprehensive study of the question would be to 
determine by the use of equations (6) and (18), different values 
of t and tı, corresponding to different assumed values of ғ, and 
then to plot curves between r, t, and h. These are shown in 
Fig. 4 where curve А, represents different values of /, for dif- 
ferent values of r and curve B repre- 
sents different values of ¢ for different 
values of r. Curve С is obtained by 
adding the ordinates of curves A and 
B, and therefore shows, for different 
values of r, the time of starting plus 
the time of stopping. Curve A isa 
minimum on the line aa, curve B on 
the line cc and curve С on the line 00. 
For any ordinary piece of mill 

=. machinery, the position 00 would 
ud ср probably indicate the most favor- 
| able value of r. 

To illustrate the practical application of these equations, a 
certain motor-driven mill table will be selected, concerning 
which I happen to have the necessary data. On Fig. 5, is shown 
the current-time record, and on Fig. 6, are shown the speed- 
torque curves of the motor. 


TIME IN SECONDS 


CURRERT- AMPERES 


2 3 
TIME IN SECONDS 


Fic. 5 


From Figs. 5 and 6, it is found that 
| t = 1.5 seconds 
T - 630 pound-feet 
H - 150 pound-feet 
P - 9.5 revolutions per second 
Itis known that the weight of the armature is 900 pounds and 
its radius of gyration is 0.55 feet. Therefore Г, = 900 x .55? — 272.3 
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Since r = 5, we have F = rH = 5 X 150 = 750 
tP 1.5Х9.5 


From equation (18), N = 2,7 3x5 ^ 1.425 


Inserting these values in equation (19) and solving, we find 
that J; = 2892. 

By using the values of I, Is, F and T in equation (16) we find 
that r - 3.46 would be the best ratio of gearing for quick 
starting and stopping. 

It certainly should not be assumed by any one, that the 
use of these various equations, constitute a sufficient solution 
of the problem of determining the most favorable ratio of gear- 
ing for any particular motor-driven machine. Тһе equations 
must be regarded merely as a theoretical analysis of the various 
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factors entering into the question and any deduction drawn 
from their use, must necessarily be modified by local conditions 
and practical considerations. For instance, it would be foolish 
to accelerate or retard a mill table so rapidly that the steel 
would slip on the rolls or that handy control would be lost. 
Furthermore, due to variations in friction, the work load may 
change from day to day or from hour to hour, so that some 
assumption must be made as to its average value. Inshort, 
this is no hair-splitting subject; on the other hand, it is believed 
that a judicious application of theory to practise, will in this 
case, lead to results which will prove to be substantial and 
worth-while improvements. 
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THE ALTERNATING-CURRENT COAL HOIST 
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BY RAYMOND E. BROWN 


ABSTRACT OF PAPER 


The paper describes an alternating-current coal hoist recently 
installed near Pittsburgh in which dynamic braking is emploved. 
The brakes and clutches аге operated by compressed air which 
permits of a maximum rate of operation and also makes feasible 
the uses of various safety devices. 

The electrical equipment of the coal hoist must be capable 
of continuous operation at the maximum speed and any attempt 
to insure against motor or brake trouble by providing excess 
capacity simply results in the motor being operated at that 
increased capacity. The control in lowering the empty bucket 
at high speed must be accurate enough so that it can be slowed 
down quickly without damaging the barges or steamers in 
landing. With a friction brake the only way to avoid striking 
too hard in landing is to make a complete stop before reaching 
the bottom thereby causing an appreciable loss of time which 
is entirely avoided by the use of dynamic braking. In the case 
of the plant described the control has proved sufficiently accur- 
ate and exact so that a complete cycle of the hoist trip due to 
the overlap of hoisting and racking movements can be made in 
40 seconds instead of the estimated time of 50 seconds. 


HE coal hoist, and of course the ore-handling bridge or 

unloader, is different in several respects from most other 

machines for hoisting or transferring materials, and also from 
nearly all other applications of electric or steam power. 

One of the points of difference is in the necessity for a very 
accurate analysis of the cycle of operation, in order to obtain 
a motor of the proper speed, torque and heating capacity. 
In the case of a motor handling апу matenal in its progress 
through the mill, the amount of work it will have to do is, to 
some extent at least, determined or limited by the apparatus 
which brings the material to it or takes it away to the next 
operation. Consequently, by providing some excess over the 
rated capacity, the motor can be given what we may speak of asa 
factor of safety against overheating. In the case of the hoist, 
however, the material in front of it is, we may say, unlimited, 
as it is usually brought in in quantities sufficient to permit the 
hoist to operate at its maximum possible speed for a period long 
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enough to cause any trouble that can arise from overheating of 
either the electrical or mechanical parts. 

The clectrical equipment consequently must be capable of 
continuous operation at the maximum speed which the weight 
lifted, the motor characteristics and the operators movements 
will permit. Any attempt by the designer of the hoist to insure 
against motor or brake trouble by providing an excess in capacity | 
over and above that specified by the purchaser simply results 
in the machine being operated at that increased capacity as 
long as any material remains in front of it. 

One other point wherein the coal or ore hoist differs from 
other hoists is in the lowering of heavy unbalanced loads at 
high speeds and yet under very exact control. The furnace 
“ог skip hoist when not counterbalanced approaches this condition, 
but on account of working between fixed points it can have 
limit switches to provide for the slow-down and stop. "The 
coal or ore-hoist on the other hand has no fixed elevation for 
the material which it 1s digging, consequently 1t 1s still necessary 
for the operator to control the lowering of the bucket. Тһе 
ladle crane lowers its full load, but its speed 15 verv low. Тһе 
coal or ore hoist must lower an empty bucket weighing from 
one-half to two-thirds as much as the load hoisted, and must 
do this at a spced from 300 ft. (01.5 m.) per min., to 500 ft. 
(151.5 m.) per min. Тһе operator's control over this speed 
must be accurate enough so that he can quickly slow the bucket 
down to land it on the frail wooden barges used on our rivers or 
on the comparatively thin stecl plating of the lake stcamers. 

Тһе statement has bcen made, and probably 3s still believed 
by some, that the friction .brake, operated by foot or hand, is 
the most reliable control for lowering a bucket. With dynamic 
braking, each notch on the controller gives a uniform lowering 
speed, and since the load being lowered is. alwavs the same, 
' it follows that the speed on any given point is always the same. 
On the other hand, no uniform pressure or position of a foot 
brake can fail either to retard the load or permit it to accelerate, 
because even if the operator docs accidentally produce a torque 
exactly balancing that of the load, the coefficient of friction 
changes as soon as the brake tempcrature rises, and consequently 
the balance is destroyed as soon as it is established. A speed 
variation of 20 per cent produces a change of 44 per cent in the 
kinetic energy of the moving masses, and this must be absorbed 
by the brake. Since the operator can not estimate the speed 
within 20 per cent and has no means of producing any definite 


1915] BROWN: А-С. COAL HOISTS 617 


speed while lowering with a friction brake, it is evident that the 
only way to avoid striking too hard is to make a complete stop 
before reaching the bottom. This causes an appreciable loss of 
time which is entirely avoided when dynamic braking is used. 
It is unnecessary to dwell at any length on the effect on the 
machinery and ropes of the shocks caused by sudden applica- 
tions of the brakes, or on the expense of replacing the brake 
lining and occasionally the brake wheels. 

Reference was made earlier in this paper to the question of 
heat-absorbing or rather heat-radiating capacity of motors and 
brakes. Another of the advantages of dynamic braking is that 
the heat-capacity of motors seems to be capable of more accurate 
determination, or at any rate, 15 more accurately determined 
than is the case with the ordinary friction brake, as it has 
not been a very rare occurrence for a friction brake to require 
some changes before it would lower the bucket on a high-speed 
hoist without overheating. 

The purpose of this paper 1s to describe (to some extent from 
an operative view point) a coal hoist recently installed for 
the Union Railroad near Pittsburgh. This 15 a duplex tower 
cqntaining two independent hoists taking coal from river barges 
and loading it into railroad cars. The coal can be crushed and 
screened into various sizes or may be loaded direct without 
any preparation. The entire plant is operated by 220-volt, 
25-сусіс, three-phase a-c. motors. 

The two engines for handling the buckets are located in a 
room about 28 ft. (8.5 m.) by 42 ft. (12.8 m.) at the top of the 
tower. Below this are the trolley tracks, which extend out over 
the river as a fixed boom or cantilever. Below these tracks 
in the tower is the coal hopper, which 1s provided with two 
discharge spouts. The mechanism below this point, like that 
above the hopper, is in duplicate, so that a description of one 
side will suffice. 

When the coal is to be crushed it 1s conveyed to the top of 
the crusher by a pan feeder conveyor driven by a 71 h.p. motor. 
The crusher is driven by a belt from a 150-h.p. 480-rev. per min. 
motor which has an auto-starter with separate transformer, 
and is protected by a three-pole a-c. contactor-tvpe circuit 
breaker with push buttons for resetting overload and for closing 
the circuit breaker. | 

The crusher delivers to а set of shaking screens, operated by 
€ccentrics on a shaft driven by a 25-h.p. motor. When it is 
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not necessary to crush the coal, it is fed by another type of feeder 
directly from the hopper to the shaking scrcens. 

The auto-starters and circuit breakers for the motors driving 
the feeders and shaking screens on both halves of the plant are 
grouped together at a point where the attendant can see the coal 
passing into the cars, and he can, by pressing a button, stop 
the flow of coal to either of the cars. As the shaking screens 
in the two sides of the tower deliver to different tracks, the 
simultaneous loading of orders for different grades of coal is 
possible. | 

Тһе bucket has an average capacity of 4 short tons (3650 kg.) 
and weighs about 11,000 lb. (5000 kg.). Тһе closing rope passes 
around sheaves in the top of the bucket and in the vertically 
moving crosshead which is connected to the spades to give the 
necessary power for closing them. The ends of this rope pass 
over sheaves in the trolley, then to sheaves at the ends of the 
trolley track and to the closing drum 1n the engine room. Тһе 
hold rope, which carries the open bucket, passes under a sheave 
in the top of the bucket and follows the same route as the closing 
rope, both ends being anchored on the hold drum. The hoist 
motor is connected to these two drums through two pairs of 
gears having a total ratio of 10 to 1, which gives the bucket a 
speed of 72 fect (2.8 m.) per second. Each drum has an air- 
operated clutch, and there are two air-operated band brakes, 
one being on the hold drum and the other on the intermediate 
shaft or countershaft next to the motor. Тһе operator has a 
valve for each clutch, and one for the two brakes. Тһе con- 
struction of this valve is such that a partial movement of the 
handle applies the hold brake, and a complete movement applies 
both. 

The rope arrangement is such that the trolley or racking move- 
ment is independent of the bucket engine. Тһе rack engine 
consists of a 75-h.p. mill-tvpe motor geared to a drum from which 
ropes lead to the two ends of the track and thence to the trolley. 
The drum is provided with an air-operated brake. Тһе motor 
is controlled by a plain reversing contactor-type controller, 
with master controller in the operators cab. This master con- 
troller, as well as that for the hoist, has a straight line bevel-gear 
drive handle, so that the movements of the handles of the two 
controllers and the four air valves are all of the same character. 

It may be of interest to follow out a cvcle of operations, start- 
ing at the time when the bucket 1s ready to begin lowering. Тһе 
hold brake valve 15 moved to the release position, and the hoist 
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controller handle is placed on the point which has been found to 
give the desired speed. The bucket descends at a uniform speed, 
and if the coal is deep enough to prevent injury to the boat, the 
speed is not checked until just before the bucket strikes the coal, 
when the controller handle is moved to the maximum braking 
position and the brakes are also applied. When working near 
the bottom of the boat, the increased dynamic braking is applied 
earlier, so as to land the bucket without shock. The hold 
clutch is now released with the left hand while the right moves 
the controller handle to the proper point for closing. When 
the bucket is closed the left hand returns the clutch valve handle 
to its application position, while the right applies full power for 
hoisting. The left hand is now free to rack the trolley in toward 
the hopper at the proper time. When the bucket is high enough, 
the hoist controller is returned to its off position, and as the buc- 
ket slows down the hold brake is applied. The bucket by itself 
would stop its upward motion in about a foot (0.3 m.), but the 
momentum of armature, gears and drums is sufficient to hoist 
it several times this amount after the power is shut off: 

The bucket is dumped by releasing the hoist clutch, which is 
applied as soon as the bucket is open. During this time, the 
left hand is stopping the trolley and racking it out again. If 
followed out closely this cycle will be found to require only 
six changes in the position of the operator’s hands—that is, 
six shifts from one handle to another. 

All of the handles move in vertical planes toward and away from 
the operator, and none of them require any appreciable effort. 

This system of bucket engine construction permits the use 
of one motor when the necessary amount of power is available 
in one unit, and permits the use of two or even more motors 
if necessary, without any change in the scheme of operation. 
It allows the full power of hoist motors to be used for the final 
closing of the bucket where the material being handled is such 
that this amount of power can be utilized. It also permits 
the full torque of hoist motors to be used for retarding the 
speed of the bucket while lowering, In cases where the necessary 
amount of power can be obtained іп one motor, the cost of 
motor and controller will be considerably less than where the 
type of engine requires two motors and two controllers. Also, 
when the hoist is so large that two motors are necessarv, the 
cost of the controller equipment is less if the two motors are 
handled by one controller than where two separate controllers 
are needed. Where the two drums are independent, each having 
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its own motor and controller, lowering requires the manipulation 
of two handles instead of one, as one motor must pay out the 
slack closing line while the other acts as a brake. 

The use of air for operating brakes and clutches permits the 
operator to maintain the maximum rate of operation throughout 
the day, to a much greater extent than can be done where the 
severe labor of manipulating clutches and brakes by hand or 
foot is required of him, especially when handling heavy loads. 
It also makes it feasible to install various safety devices. In 
this plant the hold brake is automatically applied if the bucket 
is hoisted too high, also when the overload relay cuts off the 
power to the motor, and in case of loss of voltage on either the 
a-c. lines or the d-c. control circuit. Limit switches on the 
trolley track cut off power to the rack motor and apply the air 
brake on the drum. 

A small motor-generator set 16 located іп each half of the en- 
gine room, supplving 220 volts direct current from a six-kw. 
shunt-wound generator for the coils of the contactors on the 
hoist and rack controllers. It also excites the ficlds of the other 
generator, a nine-kw. 15-volt compound-wound machine, which 
supplies the low-potential direct current to the stator windings 
of the hoist motor during dynamic braking. "These two genera- 
tors аге direct connected to a 20-h.p. 70-rev. per min. a-c. motor. 

Air is supplied by a two-cylinder compressor driven Бу an 
a-c. motor. Тһе compressor governor is arranged to lift the 
inlet valves in the cylinder heads instead of stopping the motor 
as is customary in d-c. operation. 

The hoist engine is driven by a wound-rotor induction motor 
with an intermittent rating of 315 h.p. The calculated cycle 
of operation includes six seconds closing at 150 h.p., three seconds 
accelerating hoist at 425 h.p., eleven seconds hoisting at 340 
h.p., and twelve seconds lowering, at 130 h.p. braking. These 
values are for power at the motor pinion. 

The hoist controller consists of the master switch in the 
operators cab, and a panelin the engine room, with the necessary 
resistance located immediately behind the pancl. The panel 
carries the necessary contactors interlocks and relays. There 
are three single-pole contactors to connect the stator windings 
to the a-c. lines; one contactor to open the stator windings at 
one point and two contactors to connect the d-c. lines from the 
15-volt generator to the stator when this delta switch 15 open. 
Each step of resistance with its pair of contactors makes a 
star connection between the three busbars connected to the slip 
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rings оп the rotor. Resistance is reduced by adding more 
steps in parallel with the first, and the last step is a short circuit- 
ing contactor. There are five steps in accelerating the hoist, 
and four points of dynamic brake control. Each of the асссіста- 
ting switches except the last is provided with an individual ac- 
celerating relay. The panel also has no-voltage relays in the 
a-c. and the 220-volt d-c. circuits, and two overload relays. 

On the lowest floor of the tower is located a large shifter engine, 
consisting of two drums with clutches and brakes geared to а 
30-h.p. motor. This is controlled by a face-plate reversible 
controller, and the brakes and clutches are hand-operated. 
Ropes pass along the face of the dock and around sheaves and 
are attached to the barge which is being unloaded. 

The beginning of actual operation of this plant was looked 
forward to by its builders with considerable interest and possibly 
some anxicty. The speed was to be 50 per cent higher than had 
been previously used in any a-c. hoist with dynamic braking, 
and there had been rumors that the controller designers had 
eneountcred some very difficult problems in working out the 
control. When the first a-c. hoists with dynamic braking were 
built in 1909, thev required a considerable period of adjusting and 
a number of changes. On account of the higher speed of this 
hoist, and as this control was being developed by another 
company, the builders of the hoist were naturally anxious as to 
the results that might be obtained. 

The control equipment had been checked over by a represen- 
tative of the controller company, and on the day that coal was 
to be hoisted he and the writer were present to see what would 
happen. One accelerating relay on the hoist panel required 
a slight adjustment to smooth out a peak which occurred when 
the last contactor closed, and a similar adjustment was made on 
the rack controler. It was not found necessary to make апу 
change in the amount of resistance in any of the various steps, 
and except for the adjustments mentioned, which required only 
a few minutes time, the controller is operating exactly as sent 
from the factorv. 

As to the accuracy of control over lowering, it may be sufficient 
to say that the maximum speed is higher than the hoisting speed, 
and the minimum is low enough to land the bucket on the thin 
planking of the river barges without perceptible shock. In 
Spite of the wide range in lowering speed, and the small number 
of steps on the dynamic braking control, the handle may safely 
be thrown to the maximum braking position while the bucket is 
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descending at its maximum speed. The use of separate contactors 
for braking permits their accelerating relays to be adjusted so that 
the torque on the motor will not be brought above the pullout point. 

As a result of the exact and accurate control which the operator 
has over the bucket movements, this hoist has shown itself to 
be capable of continued operation on a somewhat shorter cvcle 
than was estimated. This is due to a large overlap of hoisting 
and racking movements, and a slightly higher lowering speed. 
While the cycle necessary to make the required capacity was 
50 seconds, the hoists can make trips in 40 seconds. 

A few words in regard to the first application of dynamic 
braking to a-c. hoists on a large scale may be of interest. A 
number of five-ton coal bridges were built by the same company 
about six years ago for several coal docks in Superior, Wis. 
The buckets were larger than any previously used for unloading 
coal from lake boats, and the speeds were higher. The use of 
friction brakes for lowering the buckets was found to be the cause 
of considerable expense, not only for replacing the brake lining, 
but also for replacing the brake wheels, drums and shafts which 
were occasionally broken as a result of trving to make too 
quick a stop after attaining an unusuallv high speed. Тһе 
castings were made heavier, and the new shafts were of nickle- 
steel, but even these could not make the operation satisfactory. 

Regenerative braking was tried, but the speed resulting from 
this was high, and very careful manipulation of the controller 
was necessary. Lowering with the motor on the first point in 
the hoisting direction was naturally found to be extravagant in 
the use of current and hard on the motors. 

It was finally decided to place small motor-gencrator sets on 
the bridges, to apply low-voltage direct current to the stator 
windings and to change the controllers so as to provide for this 
system of braking. After this new apparatus was installed and 
adjusted, the results were such an improvement in the control 
over bucket and trolley that brake trouble became a thing of 
the past and the output of these bridges reached a point con- 
siderably higher than had been expected. 

Reports have recently been received from one of the companics 
operating these bridges that after making careful comparison 
between the records of their a-c. plants and the later ones built 
on d-c. docks, that in figuring on new installations they would 
consider an a-c. plant to be equally as desirable as one operating 
on direct current. 
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THE IDEAL ENGINEERING SOCIETY 
President's Address 


BY P. M. LINCOLN 


E ARE meeting here today for the third consecutive year 
ina midwinter convention of the American Institute of 
Electrical Engineers. It is an innovation which, as I have indi- 
cated started two years ago and has been so successful in the pre- 
vious attempts that the indications are it will continue. We trust 
that this particular midwinter convention will be no exception 
to the rule of success which has attended the previous meetings. 
Perhaps I can do no better in the introductory remarks I 
am to make than to indicate my conception of some of the 
functions of the ideal engineering society. То go back to first 
principles, I conceive that the simplest form of an engineering, 
society—the original model, if you please—is found in the 
engineering college student who has encountered some ques- 
tion or problem—be it calculus, mechanics, descriptive geom- 
etry, or what not—which he finds himself unable to under- 
stand thoroughly. Не takes that problem to his professor or 
instructor, or possibly to a fcllow-student, and asks for assist- 
ance or enlightenment. Тһе mecting of those two minds іп 
the request for, and the giving of information, constitutes an 
engineering society in its simplest form. This quest for in- 
formation on the one hand and ability to give it on the other, 
constitute the fundamental basis of this as well as every other 
engineering society. We have increased in numbers, to be 
sure—we are nearly eight thousand strong—and we have limited 
the scope. This Institute deals only with problems electrical; 
but we have not altered to the slightest degree the fundamental 
reason behind the mceting of those two minds; the one in quest 
of information, and the other with the ability, or at least the 
willingness, to give that information. 

There is one other change that has come with age and num- 
bers. The quest for information always has been and always 
will be with us, but unfortunately the ability to give it is not. 
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The meeting of minds has become not like that of student and 
teacher, where one mind 1s much better equipped than the other, 
but has become one where the mental equipment is much more 
nearly equalized. We are all scekers after knowledge that oft- 
times none of us have the ability to give. But we do not stop 
the search on that account. Knowledge grows in the exchange 
of ideas. 

That term ''exchange of ideas" 15 one that has always һай 
a peculiar fascination for me. Knowledge increases with the 
exchange of ideas. Did it ever occur to you that the value of 
an idea, no matter how important that idea is in itself, is abso- 
lutely nil until it is communicated to some one else? Тһе 
value of an idea is not enhanced, but destroyed by hoarding. 
Of what use would Sir Isaac Newton's idcas on gravitation have 
been had he not set them down in his Principia? Of what use 
would bc the genius of a Steinmetz did he not present papers 
before the American Institute of Electrical Engineers? No; 
ideas grow by exchanging and die by hoarding. It is in this 
exchange of ideas that our Institute finds its highest usefulness. 
I conceive that an “idea exchange," as exemplified in our In- 
stitute is of infinitely more value to the human race than a 
“ stock exchange." Every time a share of stock is exchanged, 
it pays the toll of the broker's commission and its value 15 de- 
creased just that much; not so, when an idea is exchanged. 
With every exchange of an idea it is exhanced іп value. Thus, 
the “ capital stock” of ideas is constantly growing. Our In- 
stitute is a force in that growth, and it is a force that is worthy 
of our best effort. Let us continue that effort by bringing here 
our best ideas for exchange. 
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ELECTRICAL PRECIPITATION 
Historical Sketch 


BY F. G. COTTRELL 


Y FUNCTION this morning, І feel, is more that of an 
enunciator than anything else. What vou really want 
to see, I know, is the experimental side of this matter and the 
pictures, both in motion and in still life, that the other speakers 
have to show vou. All I shall try to do is to outline briefly a 
few of the steps that have led up to this work and give it a little 
better setting in time and space. | 
If we go back to the earliest reference we can find on the 
subject of the application of electrical forces to precipitation, 
we find, as far as I know, that Hohlfeld, in 1824, was the first 
to point definitely to the phenomena as a practical matter. 
Hohlfeld was a teacher of mathematics in the Thomas School 
of Leipzig, and published a brief article on this subject, which 
is filed in Kastner’s archives in Nuremberg, Vol. 2, page 205-6, 
1824. I had rather hoped perhaps we could show this morn- 
ing an exact duplicate of this described experiment, but it was 
not convenient or possible to get a static machine here in time 
for the work. What he did was simply to take a piece of paper, 
form a funncl out of it, settling the lower tip into a bottle, and 
lighting the edge of the paper until the smoke filled the bot- 
tle, and then placing a wire through the stopper of the bottle, 
within about three inches of the bottom, and connecting to it 
an old fashioned friction machine. which separated the smoke 
in the bottom of the flask or bottle. One of the experiments 
which Mr. Bradlev is to show vou later is substantially a dupli- 
cate of that experiment of Hohlfeld's. It is perhaps worth 
while to note the words 1n which Hohlfeld expressed his ideas 
оп this subject: “It is, of course, well known that during a 
thunder storm, after almost every bolt of lightning, there comes 
а heavier fall of rain, and this occurs, indeed, just such a period 
after the bolt as would be required for the water to rcach the 
earth from the clouds. It has also Бесп observed that follow- 
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ing a thunderclap, and especially the heavier ones, slect and 
hail often fall and in 1ncreasing amounts with repetition of the 
discharges. Finally, it has been noted that so-called cloud- 
bursts are usually preceded by strong and rapidly repeated dis- 
charges. Тһе first of these phenomena may easily be illus- 
trated with the use of artificial electricity." Then he describes 
the experiment of which I have spoken. That constitutes our 
first historical reference to this subject, so far as known. ` 
This fell, apparently, on deaf ears; no one appreciated its 
importance. Тһе machinery available was, of course, inade- 
quate for commercial work, and nothing again appears until 
1850, when C. F. Guitard mentioned a similar phenomenon 
which he independently observed on tobacco smoke in a bottle 
in much the same way. His article appears in the Mechanics 
Magazine of London for 1850, a quarter of a century after 
Hohlfeld published his article. Then, the matter seems to 
have rested without further notice, with an occasional incidental 
reference. Foi example, there was a reference in 1878 іп Vuo 
Am. by Robert Norwald, on the dispensing of dust inside an 
electrometer he was working on, showing that the conductors 
of the air disappeared when the charge was left on, and he as- 
cribed it to this cleaning effect of the air. That is merely in- 
cidental, and not anvthing that was put into practical effect. 
The first attempt actually to applv this principle in practise, 
in technical methods, seems to have come almost simultane- 
ously in Germany and in England. We find a record of a 
patent issued in England to А. O. Walker, the superintendent 
or manager of one of the large lead works in England, who 
obtained a patent dated August 9, 1884. We also find a record 
of a German patent issued to Dr. Karl Moeller, this patent 
being dated October 2, 1884, the same year, and only a few 
months later. Both of these seem to be entirely independent 
of the earlier work, and scem to be again practically redis- 
coveries of the fact. All we can learn about Walker's process 
is through the outgrowth of some experiments and observa- 
tions made by Oliver Lodge about that time, although Lodge's 
only publication of the fact was somewhat later than the date 
of this patent, evidently indicating they had been working 
togcther on it, probably before Lodge's publication took place. 
Lodge's own publication of the facts in a scientific form 1n the 
journals 16 comprised 1n his paper read before the Royal In- 
stitution, in May, 1886, nearly two years after Walker's patent; 
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and later in the same vear, 1886, in November, he read a paper 
before the Soctety of Chemical Industry, in which he consider- 
ably elaborated on the phenomenon as applied to practical 
purposes. It is interesting to note in the paper presented by 
Lodge to the Royal Institute, that what he was after in that 
case was primarily, not electrical precipitation, which came as 
an accident of an independent investigation, but he was study- 
ing the effect of hot and cold bodies on dusty matter. It had 
been known for a long time that if you took a hot iron rod and 
held it in a cloud of smoke or dust and looked along the edge ot the 
rod you could see dark spaces between the rod and surround- 
ing cloud of smoke and dust, and considerable work had been 
done bv various investigators to explain the theory of this dust 
or cloud. It was assumed to be the combustion of the particles 
surrounding the rod. It was afterwards shown that this would 
occur with a rod not only hotter than the space surrounding it, 
but colder than the space, and so finally it was run down to a 
question of molecular bombardment. Lodge emploved that 
and tried to determine whether any electrical phenomenon were 
associated with this purely thermal phenomenon, and he con- 
nected them up to voltages of 100 and more, and found no effect, 
but when he went to thousands of volts he was surprised to find 
that a manifest activity was produced, that the smoke or dust 
was driven away from the rod, and rapidly deposited, and it 
was at that time his attention was first called to the phenomenon 
independently of his earlier work. It was only years atter that 
he came across these references, and he published a brief his- 
torical note citing them and giving credit to the investigators 
for their work, although thev were unknown to him at the 
time of his discoveries. 

These two papers which Lodge prepared and delivered at 
these two institutions, the Royal Institution and the Society 
of Chemical Industry, served to bring the subject clearly before 
the public, and I think it is fair to say that the place of pre- 
cipitation in qur modern lines of thought dates from that time. 
The work of Moeller, while following somewhat the same line, 
did not appear to produce the same effect on the public, be- 
cause it only appeared at that time as a patent, and was not 
followed by any further general publicity, and disappeared 
from public attention. 

While we find Lodge's work referred to in various journals 
from that time down to comparatively recent years, and a 
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number of patents covering details of proposed methods occur- 
ring here and there in the literature, there was nothing that 
could fairly be considered as a permanent contribution to the 
technical developments of the subject until quite recently. 

Just following Lodge’s original patent, there was an installa- 
tion put in at the works of Mr. Walker—whose name appears 
as the patentee—at the Dee Bank Lead Works in England, 
which consisted of two Wimshurst machines. The Wimshurst 
machine had just come out at that time, and the descriptions 
of this plant seem rather amusing today on account of the 
terms in which thev describe the Wimshurst machine. It was 
so vastly superior to the friction machines in use before that 
time that they considered it a commercial picce of apparatus, 
a thing which would revolutionize the industry, and static elec- 
tricity would come into practical use, which we know has not 
been the case in any such measure as was anticipated. 

Current from these two large Wimshurst machines, which 
were six feet in diameter and were driven by a small steam 
engine, was carried to the flues of the lead smelter and pointed 
rods were placed in the flues, with barbed ends distributed over 
them, and the discharge from the machines was distributed to 
the gases from these discharge terminals, the other terminal of 
the machine being grounded. The descriptions we have are 
simplv of the inscallation while under construction, and after 
that we hear nothing about it, so 1t evidently proved imprac- 
ticable to maintain in continuous operation and disappeared 
entirclv from the technique. 

About 1905 some of us happened to be interested in these 
same problems, the clearing of fumes from acid works 1n Cali- 
fornia, and experiments wcre undertaken by the University of 
California to determine the practicability of these general meth- 
ods, using more modern apparatus, or substituting the modern 
high-tension transformer with the auxiliary apparatus neces- 
sarv, for the friction machine, and working out a more efficient 
svstem of electric distribution. | . 

Out of that grew some interesting laboratory experiments 
which looked promising, and these attracted the attention of 
some of the local manufacturing concerns who were willing to 
carry the work further. It was very soon found that the work 
would have to be put on a more stable basis than it was possible 
for us to do as we were working, several of us at the University, 
members of the staff, and carrying the thing to a practical issue. 
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That led eventually, to the organization of the present in- 
stitution which is handling the work. It was realized that it 
would be difficult for the University itself to undertake this 
work, and there was a distinct prejudice against purely com- 
mercializing the matter in the hands of anv one commercial 
organization. A scheme was workcd out to develop the patents 
under the guidance and hacking of local capital, with the un- 
derstanding that when the money invested had been returned, 
and a reasonable profit secured, that then the patents, as a 
whole, should go over to some holding organization to be used 
for the benefit of scicntific research. It was expected then that 
would be the University of California, because all of us who 
were working on the problem at that time were alumni of that 
institution. As the work developed it took more time and 
money than was anticipated, and bv the time it had become 
stabilized, which was a matter of five years, the work had 
spread over such a large territory that it seemed impracticable 
to attempt to administcr it from a single institution, and we 
foresaw the danger, if. it became successful and was handled 
from one institution, that the same sort of procedure would 
naturally be emulated elsewhere, and before we knew it the 
very thing which we wanted to prevent, that 15 the commercial- 
izing of educational laboratories, would be really brought about 
by the fact that we would be competing among one another on 
a commercial basis, and that would be the most dangerous 
cffect we could bring about. To obviate that, we looked for a 
solution in finding some national, or better, international, bodv, 
to undertake the administration of these rights, and any others 
that might come in the same way, which would include all re- 
search work of this character; an organization in which all the 
different academic activities, universities and colleges could 
co-operate. 

To make a long story short, after considerable search for the 
best means of carrving this out, the patents were turned over 
to the Smithsonian Institution, and Ву it transferred to а cor- 
poration which was formed under its auspices—its guidance at 
least—called the Research Corporation, organized as a business 
organization with directors and a charter, to conduct the busi- 
ness of the rescarch work, and to turn over the property to the 
Smithsonian [Institution and other national institutions, and 
it is under the guidance of that organization, the Research 
Corporation, with whicb probablv many of vou are familiar, 
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that the work which immediately grew out of our activities 
in California has developed. 

Right alongside of that came also a Smila development 
here in the East. About the time I was starting out on the 
: final consolidation of this work under the Smithsonian and the 
Research Corporation, in the East Prof. Robert Кеппейу Duncan 
was busy with his plan. I presume most of you are familiar with 
the fact that they have a system of Industrial Fellowships at 
the University of Kansas and University of Pittsburgh, and 
one of the problems he undertook as a part of this general 
program was the same problem of smoke and dust elimination. 
We worked in the West particularly on smelter smoke, and in 
the East he worked on black smoke, and his specific problem 
was the City of Pittsburgh. In this particular field, he was 
supported and financed by Mr. R. B. Mellon, of Pittsburgh, 
and out of this work, together with the other work on fellow- 
ships which was in his hands at that time, finally grew the 
Mellon Institute of Industrial Research, and School of Specific 
Industries, located in Pittsburgh, and the beautiful new build- 
ing, which is to be dedicated this coming week, stands as 
a splendid monument to Dr. Duncan’s energy and devotion to 
that work. Не was, as you know, most unfortunately taken from 
us last уеат by death, at the time when he was just getting into 
his full energy and usefulness in this work, but, as he told me 
shortly before his death, he felt that the work had come to such 
a point that it would stand. He said, “I have been nervous 
about this whole matter, for fear I could not carry it far enough 
to have it thoroughly stabilized when I might be taken. I have 
carried it now to such a point in the last few months that that 
fear 16 climinated, and I have it now in hands I am confident 
of," speaking particularlv of his associate, who has sinc? suc- 
ceeded him, Dr. Ravmond F. Bacon. 

The work of the Mellon Institute in smoke abatement was 
wider than our work; it covered not only electrical precipita- 
tion, but other fields; electrical precipitation was, however, a 
prominent part of it, and from the first, even before the details 
of his plan were taken up, Dr. Dunean and I discussed the 
work and arranged a tentative plan of co-operation. At that 
time both the work of the Research Corporation and the work ` 
under his direction was still in such a formative period, that it 
did not seem wise to try to make a formal arrangement or co- 
operative plan between them, but to work it out as we went 
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along, and see how the work came out, and it-was agreed we 
should do it in that way until such time as the work was suff- 
ciently stabilized to bring them together. 

That has pretty well transpired, arid the two institutions are 
now working together to a common patent situation, the patents 
developed by each are being now, to a verv considerable extent, 
consolidated and operated in a co-operative manner. The Mel- 
lon Institute is working for the same general aims as the .Re- 
search Corporation, the methods of its administration varying 
somewhat from those which we have adopted in the organiza- 
tion, but thev are each mutually supporting the other. The 
field of the Mellon Institute in the precipitation work will be 
more particularly in the immediate vicinity of Pittsburgh, for 
the immediate future, at least, and the Research Corporation 
working co-operatively with them, but also over the rest of the 
country, where work is already started. 

These details will be understood better from the papers to 
be presented. Prof. Nesbit and Dr. Strong will speak for the 
work of the Mellon Institute, and Mr. Bradley will speak for 
the work of the Research Corporation this morning, and’ they 
will give you an idea of the relationship of these organizations. 
It has been a great satisfaction to me to see this come about, 
because I knew Dr. Duncan and valued his friendship very 
highly, and we both had this same view in mind, of thorough 
co-operation between the two organizations. I know there 15 
nothing that would please him more than a knowledge of the 
results as they are now working out, and I feel sure the same 
applies to Mr. Mellon, who has so generously endowed the work 
of that Institute. So much for retrospect. 

As regards the actual work, the apparatus will tell the story 
better than I can. I will not attempt.to speak on that side 
of the work. I might sav just one or two words in regard to 
the future, and some of the things we hope to see worked out, 
and perhaps one of the most interesting of these comes up in 
the form of the question—How far can this work go bevond 
What has actually been done and will be brought to your at- 
tention this morning in the papers? In Lodge’s original plans 
there were two distinctly separate conceptions, two separate 
lines of attack, one was directed at the precipitation or collec- 
tion of industrial fumes and smoke, house smoke and volatile 
matter, or at least man-made fumes. The other was directed 
to the question of fog precipitation in the open, the clearing 
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of routes for navigation, the clearing up, particularly, (as the 
idea existed іп Lodge's mind) of the fogs of London. That in 
one sense looks like a greater task, like a more hopeless task, 
than those we have undertaken. In another sense, perhaps it 
15 in some ways the easier of the two. It is a field we have kept 
thinking of, up to the present, feeling that we had our hands 
full enough with direct commercial developments of fume pre- 
cipitation. The latter were matters in connection with which 
we could get direct financial support from individual firms, 
and the clearing of fog in the open is a thing which it will be 
harder to interest business interests in. It is a matter of public 
interest, and we felt that we could best attack that after the 
other work had been established. Also it is a matter which 
will require probably more powerful apparatus, and the small 
installations that have grown up to the present time have been 
a forerunner of that. Having developed the apparatus up to 
the point where we are now, it is time to make a start on the 
other work. 

Another reason I personally had in rather discouraging an 
attempt to undertake that work in the carlier history, was that I 
thought that was particularly a problem of Sir Oliver Lodge’s, 
and I had hoped that our work would reach a sufficient basis 
in practical success so that by the time that came to be taken 
up we could make a real effort to have Sir Oliver associated 
directly with the work in a way that would illustrate and em- 
phasize the credit that is due him as the father of this whole 
art. I thought I saw an opportunity for that in the coming 
of the International Exposition at San Francisco, and partic- 
ularly in the International Electrical Congress which was planned, 
and efforts were made to get such a program under way to 
carry out some of these experiments in their application to fog 
work at that time. These plans were thoroughly well under 
way, When the outbreak of the war, as you know, made the 
holding of the International Electrical Congress impracticable, 
and then the matter came back for consideration as to whether 
it was worth while to carry it out anyway. In the meantime, 
it was found that the amount of apparatus which would be 
necessary had been pledged, and that there would be facilities 
for handling extremely high-tension, high powered apparatus 
at the exposition. There will be a good deal of it there and 
available for such experiments, and the local electrical depart- 
ments of the two Universities have taken an active part in 
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that and preparations are being made to do what can be done 
at the time of the Exposition to carry on some of these experi- 
ments. | 

While I have been here in the East on my present trip, I 
have been very much pleased to find the interest which 1s being 
taken in this matter. The possibilities of such experiments 
are growing right along among the shipping and other interests, 
to whom the fog question is a vital one, and T think it is entirely 
probable that within the next few months a direct start may 
be made in experiments along this line. Lodge has carried 
out some very startling experiments in this direction already. 
On the top of the building 1n his old headquarters at the Physics 
Laboratory at Liverpool, before he left there to go to Birm- 
ingham, he erected a mast, practically a flagpole, carried а wire 
up that to the top, and charged that simply from a series of 
large electrostatic machines available at the laboratory, and 
was able to gradually dissipate the fog for several hundred feet 
around the wire. This, at least, represents what may be hoped 
for. My own fecling is that the line of attack we will take up 
here, not to mislead you in what I have said, would be somewhat 
different from that. I think with the development we already 
have in precipitation, that the method would probably lie more 
in finding a means of carrying an electrode system, slightly 
modified, but in general not so different from those at present 
in use in the flue systems, in front of the vessel that was to be 
protected from fog dangers. Aerial problems are coming fairly 
and distinctly in the field of the engineer, and in talking with 
aeronautic people they do not see why there should be any 
question of carrying at a couple of boat lengths ahead of the 
vessel, from cach side, an apparatus such as the electrode system, 
and by connecting that to high-tension apparatus, such as you 
will see operating here, on shipboard through the cable that 
is supporting this motor, you would have a broom, so to speak, 
sweeping a path clear in front of that vessel, that would give 
you room enough to stop if you were about to run into anything. 
If you wreck the heilocopter, that does not amount to much, 
and that can be deflected in a shorter time than that їп which 
you can stop a large vessel. I do not put this forward as a 
definite program or finished piece of work. It is offered purely 
as a suggestion as to the line of work that may be taken up, 
but I wish to say it is not half as big a jump into the dark as 
it would, perhaps, seem at first sight. Some of the steamship 
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people in New York have indicated their willingness to go for- 
ward with the work and supply the necessary means to carry 
on preliminary tests to see what may be done in the matter, 
and it is hoped some such development may take place in the 
near future; and I bespeak your cordial help and co-operation 
as members of the electrical profession in helping this good 
work along, because it certainly should add very materially to 
the safety and comfort of people traveling at sea, as well as 
materiallv assist 1n solving many problems on land. 


Addresses delivered at the 3d Midwinter 
Convention of the American Institute of Electrical 
Engineers, New York, February 17, 1915. 


Copyright 1015. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


SYMPOSIUM ON “THE STATUS OF THE ENGINEER" : 


ADDRESS OF L. B. STILLWELL 


М ARRANGING the program for this evening the com- 
mittee to whose efforts the presence of our distinguished 
guests is due gave consideration to the question whether it 
would be wise to attempt to suggest to the scveral speakers 
various more or less definite aspects or phases of our broad 
subject, with a view to avoiding repetition of thought and se- 
curing a comprehensive and systematic discussion. It was 
felt, however, that the most useful and constructive results 
might be expected if the gentlemen who are to follow me were 
simply invited to present for your attention those views and 
suggestions—based not only upon their exceptional ехрглепсе . 
as leaders in various departments of engineering accomplish- 
ment, but also upon their wide observation and experience as 
men of the world—which to them, severally, may appear of 
special interest and importance to the profession. If repeti- 
tion results, emphasis will result, and the status of the engineer, 
as a professional man and as a citizen, can be systematically 
advanced only by that individual and that collective effort 
which it may be hoped will result from that conviction which 
follows the emphatic statement and reiteration of essential facts. 
At the outstart, the expression “ Status of the Engineer" 
appears to require definition. It may be interpreted to mean the 
standing of the engineer as it appcars to his fellow citizens, or 
it may mean his standing as it would appear to an observer 
seeing facts as they are, without exaggeration, without dim- 
inution and without distortion. It is the well-known distinc- 
tion between reputation and character. Reputation is the image 
of the man as he appears to those about him; character is the 
man himself. Моб infrequentlv does it happen that the 1mage 
bears little resemblance to the actual man. When this occurs 
the fault is sometimes that of the observer, but not less fre- 
quently, perhaps, it is the fault of the man himself. 
Tonight, I take it, we are concerned with both aspects of 
635 
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our subject. What we тау be able to do to make ourselves 
more competent as engincers, more useful as citizens, or better 
as men, is obviously of importance to every member of the 
engineering profession. What we may be able to do, by in- 
dividual and by collective effort, to secure for the members 
of our profession that recognition by the public at large to which 
their character as men, their professional ability and their work 
as contributors to civilization and progress may justly entitle 
them, is also of obvious importance. Each of these broad as- 
pects of the subject affords inviting opportunity for analysis 
and for uscful suggestion along various lines of thought; but in 
introducing the discussion I shall make no attempt to treat the 
subject comprehensively, but shall endeavor to utilize the time 
which has been placed at my disposal by inviting vour atten- 
tion to certain opinions which I have formed, as the result of 
observation and experience, and submitting certain sugges- 
tions in regard especially to collective, or at least co-ordinated, 
policy and action by our great national engineering societies 
which in my judgment would tend from every point of view to 
improve the status of the enginecr. 

The opinion is widely prevalent throughout the ranks of the 
profession that the true status of the engineer is not recognized 
by those about him; that the work which he has done and is 
doing in the world entitles him to a larger place in the public 
view than he now occupies and to a larger share in the admin- 
istrative work of the nation, state, local communitv, and of 
our great railway and industrial corporations than he now en- 
joys. Dealing with facts, as his scientific education and pro- 
fessional training have taught him to dcal; trained 1n the solu- 
tion of economic problems to exclude all that is irrelevant or 
immaterial and to deduce his conclusion by a process of exact 
reasoning from ascertained premises, he 1s amazed to observe 
a great economic question like, for example, the conservation 
of our water powers, involved іп a fog of misunderstanding and 
misrepresentation so dense that neither the public nor our law- 
making authorities can be expected to sec it in its true propor- 
tions. Knowing, as he does, that no education leads with 
greater certainty than that of the scientist and the engineer 
to the formation of sound opinions and well-grounded, conserva- 
tive judgment, and believing, as he does, that the ranks of no 
other profession include a larger proportion of men of clear 
view, broad intellectual comprehension, unblemished character 
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and executive force than are found among the members of our 
national engineering societics, he finds it difficult to understand 
why the appointment of an engineer as a member of one of the 
many commissions of investigation and of administration, to 
which in these days the functions of government in this country 
are increasingly confided, is a phenomenon of extremely rare oc- 
currence. His conclusion generally is that these are matters 
for the politician, not for the man trained to view facts in their 
true light, unwilling to misrepresent or mislead the public for 
political effect or to seek preferment Бу following the usual 
well-worn paths; and too often he follows up this conclusion by 
burying himself in his scientific studies or professional activities. 
Such a decision сап Бе in no way justificd. As a citizen trained 
to see true, to think straight, possessed of special knowledge 
rcgarding many of the great economic problems of our time and 
conscious of ability to deal with them effectively, it is the dutv 
of the engineer to assert himself as a citizen. Recognition in 
time will overtake and keep pace with achievement if we do 
our part, not only as men of specialized training, but also as 
men of the world and as citizens who, by reason of that very 
specialized training and experience, owe in a peculiar sense a 
duty to the community, in these days of vast and complex 
economic and social problems, which in themselves are a result 
of the work of the applied scientist within comparatively recent 
years. The engineer who buries himself in the technique of 
his profession cannot justly complain if he fails to attain a 
position as a leader of men. Like Franklin, he must at times 
leave the laboratory of science for the forum of discussion and 
the hall of legislation, if he would fulfill his duty as a citizen 
and secure that recognition of his intrinsic ability which he 
desires and to which he 16 entitled. | 

In his scholarly address delivered at Ottawa on June 18, 1913, 
Dr. George F. Swain, President of the American Society of 
Civil Engineers, brought to the attention of the oldest of our 
national engineering societies many facts which are of profound 
interest to all professional engineers. His discussion is philo- 
sophical in thought, felicitous in expression and singularly con- 
vincing in its reasoning. It should be read and then read again 
by every man who is, or aspires to be, an engineer. His subject 
was: “Some Tendencies and Problems of the Present Day 
and the Relation of the Engineer Thereto.” Neither the present 
Status of the engineer nor the responsibilities which in а pe- 
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culiar sense devolve upon him in these days of vastly acceler- 
ated economic progress сап be realized clearly without an ex- 
amination of these tendencies and problems. It would be 
difficult, if not impossible, for any man to improve the admirable 
discussion of the subject which Dr. Swain has given to the 
profession in the paper referred to, and I earnestly hope that 
every cngineer present this evening will secure a copy, will 
read it carefully and thoughtfullv, and then will do what he can 
to oppose and correct the unfavorable phenomena of our time 
to which Dr. Swain calls our attention. The time at my dis- 
. posal does not permit even a résumé of these phenomena, and 
I pass, therefore, to the question, “ How may the status of the 
engineer be improved?" However we may differ in our views 
of what his present status is, we are unanimous in the desire to 
see that status advanced. The practical question which inter- 
ests us 1s, what can we do to secure this advancement; what can 
we do, by individual and by collective effort, to make the engi- 
neer still more effective in his professional work and more use- 
ful as a citizen, and to secure for him more general and more 
definite recognition by the community at large? 

Obviously, there are several lines along which intelligent and 
systematic work may be expected to promote the attainment 
of these objects. While recognition may lag behind achieve- 
ment, we may nevertheless rest assured that every advance in 
the character of the engineer and in his abilitv to perform his 
work effectively will be followed by increased recognition of 
his position as a man and as a professional worker in the com- 
munity. In this connection, next to integrity of character, 
education 15 of fundamental importance. In our schools and 
colleges the aim should be to train the mind rather than to 1m- 
part technical information. Тһе curricula of our technical 
schools differ so widely that safe generalization is difficult, but 
in my opinion the tendency should be toward a decrease in the 
time allotted to technology and an incrcase in that allotted to 
certain of those subjects which comprchensively are grouped 
under the name “ humanities." It is greatly to be hoped that 
the time may come when no American institution of learning 
will confer an engineering degree except upon a student who has 
completed a four-vear course in arts or philosophy and a two- 
year course of technical instruction in the department which 
he may select. It is not essential perhaps that the engineer 
should have studied Greek, but in my opinion no degree in 
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engineering should be granted to a man who has not studied, 
for example, logic, rhetoric and political economy, as well as 
mathematics and the essential branches of pure and applied 
science which in his education have particular reference to his 
specialty. 

Moreover, a man’s education is not completed when he re- 
ceives his degree at graduation. It would be as true, perhaps, 
to say that it begins at that time; and, without attempting to 
discuss the subject at length, I may be permitted to suggest 
that the average engineer, ten years or twenty years or thirty 
years after graduation, will be not only more interesting to him- 
self and to his friends, but will be also a more effective engincer, 
if he has not confined his attention exclusively to his special 
line of practise but has availed himself of the many opportuni- 
ties which occur in life to broaden his horizon and to add to his 
store of knowledge in departments of intellectual activity other 
than that which he has made peculiarly his own. 

Primanly each engineer must make of himself what his 
ability and opportunitics may permit. This, and this alone, 
can fix his professional character—his true status. But, while 
character is far more important than reputation, reputation also 
has its value, and a correct appraisal of the engineer by the 
community at large 1s to be desired, not only because of its ef- 
fect upon the engineer himself, but also, and more especially, 
because of the vastly increased utilization of the engineer’s 
abilities in the service of the community which would result. 

It requires no argument to show that the community at 
large cannot be expected to appraise correctly the capabilities 
of the engineer if the latter adopts and systematically pursues 
throughout his career a policy of total abstinence from every 
form of indulgence in public affairs. I have already touched 
upon this point briefly, and I trust that it will be developed 
and emphasized bv other speakers this evening, some of whom, 
by example as well as by precept, have illustrated and taught 
this doctrine іп a manner which already has done much to de- 
monstrate to the American public the fact that the same kind 
of brains which the investor selects to solve a complex problem 
of engineering construction, or to find gold where others cannot 
See 1%, can be relied upon to find the answer to a complex eco- 
nomic problem requiring legislation, or to point out an cssen- 
tial principle which has been concealed by a mass of irrelevant 
rubbish. 
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Our national engineering soc.etics can do much to secure for 
the enginecring profession the recognition to which Ше character 
and the achievements of its members justlv entitle it. For 
years they have been doing splendid work in the post-graduate 
education and training of their members, by affording oppor- 
tunity for the presentation, discussion and dissemination of 
technical information, but as yet have thev failed to establish 
for the profession a standing in public estimation comparable, 
for example, to that of the legal profession. 

Let us consider briefly ccrtain measures, apparently within 
the power of our enginecring societies to adopt and enforce, 
which if adopted would tend to correct this situation. 

Our engineering societies can do much by the exercise of un- 
ceasing vigilance in preventing the admission to our ranks of 
unworthy or unqualified applicants. In the absence of any 
svstem of federal or state license under which the professional 
engineer may qualify and practise, even that part of the public 
which may attempt to exercise intelligent discrimination can base 
its opinion of the qualification or lack of qualification of the 
engineer only upon the fact of membership or non-membership 
in one or more of the great national engineering societies. And 
what have these national engineering societies done to define and 
establish the professional standing of their respective members? 
Without undertaking to answer this question specifically, it 1s 
probably fair to say that, as regards at least two of these socie- 
ties, the requirements for admission and the scrutiny and selec- 
tion of new members are all that can be expected and possibly 
that could be desired. Some of the societies, however, apparently 
might ‘‘ stiffen " their requirements for admission, to the ad- 
vantage of the entire profession, and might draw more distinctly 
perhaps the lines which segregate the members into several 
classes or grades which are supposed to correspond with more or 
less accuracv to the comparative professional qualifications of 
those who compose them. Nevertheless, it is a fact, I believe, 
that membership іп a national engineering society today means 
more than it did twenty vears ago and that the state, munici- 
palitv, corporation or individual seeking to emplov an engineer 
is less likely now than then to select one who has not been recog- 
nized bv his professional brethren as worthy of membership. 
But, aside from the advantage which would result from bringing 
the requirements for membership in all of these societies up to 
the level of those which have adopted the most advanced stand- 
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ards, there are several important steps which the national socie- 
ties might take which undoubtedly would contribute materiallv 
to the advancement of the status of the profession. 

(1) Several of our national societies have adopted so-called 
'" codes of ethics " or rules of practise. Мапу of these rules 
involve no questions of ethics. They are rules deemed by the 
respective societies useful to their members in their professional 
practice, and their enforcement or non-enforcement has no par- 
ticular bearing upon the status of the engineering profession as 
viewed by the public. 

In so far as ethical principles are involved, however, whether 
a code be adopted or not, there can be no question that the adop- 
tion and enforcement of rules which would result іп the prompt 
expulsion of any member proved guiltv of dishonest practise 
would do much to increase general respect for the profession. 
Up to the present time our societies have signally failed to es- 
tablish their position in public confidences by disciplining mem- 
bers even in flayrant cases. At a comparatively recent meeting 
of the American Institute of Consulting Engineers, a distin- 
guished member of that organization and of the American 
Society of Civil Engineers made the statement that an examina- 
tion of the records of three of the great national engineering 
societies failed to disclose a single instance іп which a member 
had been expelled for violation of the ethics of the profession. 
Even in certain cases where a member of the society has been 
convicted bv the courts, the society has failed to expel and has 
allowed the member to resign. І am aware of the responsibility 
which a societv тау assume in branding a member by expelling 
him, but until the societies have the wisdom to so amend their 
rules as to provide for expulsion in flagrant cases and the courage 
to expel, they cannot expect the public to accept the fact of mem- 
bership as in any sense a guarantee of professional honor. 
Surely the establishment and enforcement of regulations which 
would result in the prompt expulsion of a dishonest member 1s 
a step which each of our engineering societies can take. To the 
great credit of the profession, 1t may safelv be said that the num- 
ber of instances in which such action might be justified and neces- 
sary would not be great. Тһе effect of a few salutary punish- 
ments of this kind would be far reaching and might be confidently 
expected to improve the standing of the society in the eves of 
the public. Our friends the lawyers have long recognized the 
necessity of fortifving the status of their profession by providing, 


642 STATUS OF THE ENGINEER [Feb. 17 


through the medium of their bar associations, for the trial and 
expulsion of members who may violate the ethics of their pro- 
fession. How strictly this rule is enforced I cannot say, but 
it is evident that even the occasional enforcement of the rule 
must contribute effectively to the establishment of the public 
standing of the profession. 

In my opinion, no society by a single act could do more to 
advance the status of the engineering profession than could be 
accomplished by conspicuously expelling any member found 
guilty of dishonesty in the practise of his profession. 

(2) Perhaps the most encouraging evidence that our national 
engineering societies are coming to recognize the fact that co- 
operation in matters of common interest is essential to the well- 
being of the profession, is to be found in the action recently 
taken by six of these societies, through the appointment of a 
joint committee which has agreed upon a bill for licensing en- 
gineers which has been submitted to the governing bodies of the 
several societies. It is earnestly to be hoped that the governing 
bodies of these societies will lose no time in bringing their best 
judgment to bear upon this extremely important question and, 
having reached a decision, will take effective action to safe- 
guard and promote the best interests of the profession. 

(3) The national engineering societies can advance the status 
of the profession by exerting themselves to direct public policy 
in economic questions along sound lines of development. I 
have not informed myself recently in regard to the policy and: 
action of other societies, but for several vears past the American 
Institute of Electrical Engineers, from time to time, has sent 
committees of specially qualified experts appointed from its 
membership to appear before various heads of departments at 
Washington, or before committees of Congress, in relation to | 
such questions of fundamental economic importance to the coun- 
try as, for example, the utilization of water powers on the public 
domain and іп navigable streams. These committees have dis- 
cussed only the engineering and economic aspects of the ques- 
tions under consideration. They have been careful to avoid 
all political or legal questions. Their reception in every instance 
thus far has been not only respectful but courteous, and it is 
believed that the information which they have been able to 
convey has been useful to the authorities. Тһе members of the 
several committees have paid their own expenses. They have 
rendered this service because thev have realized that legislation 
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permitting, for example, the control and development of water 
powers upon sound economic lines is of very great importance, 
not only to those members of the engineering profession whose 
activities are concerned with hydraulic or hydroelectric de- 
velopment, but to the country, at large. Along such lines as 
these, there is no valid reason, in my opinion, why all of our 
great national engineering societies should not co-operate in 
placing at the disposal of our national legislative and executive 
authorities, from time to time, the special knowledge which is 
possessed bv their representative members and which the author- 
ities must have if mistakes that may result in great harm to the 
economic interests of the country are to be avoided. 


ADDRESS OF E. W. RICE, JR. 


HE SUBJECT for discussion this evening is important and 
timely, and should be of vital interest to everv engineer. 

It is well for us to pause a few moments from our daily task 
and make a brief survey of the engineer's work, to consider its 
important influence upon the life of this busy world, and es- 
pecially to enquire what new service awaits the engineer now 
and in the immediate future. 

During this discussion we do not propose to limit our defi- 
nition of “engineer” to one educated in or following the 
strictly technical profession of civil, mechanical and electrical 
engineering, but shall include in addition all educated men 
laboring in the broad fields of chemistry, physics, medicine and 
other organized scientific activities. 

I do not think that we can be accused of serious exaggeration 
in saying that the world is indebted to such men for the applica- 
tion of steam to ships, cars and workshops; for the invention 
of the sewing machine, the typewriter and the phonograph; 
for the introduction of the bicvcle, automobile and aeroplane; 
they have brought the marvels of photography into existence, 
giving us the moving picture, X-rays and colored photographs. 
High explosives have been created to build and to destroy. 
We must thank such men for the untold blessings of anesthetics; 
for showing us how to successfully limit and combat epidemics 
of dread diseases. 

Coming to our own special field, the members of our profession 
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have given the world the telegraph, the ocean cable, the tele- 
phone and the wireless; created clectric lights for our homes, 
cities and workshops; the electric motor to run our trolley cars, 
railroads and factories; have designed dynamos and great 
transmission lines with which to save апа make useful the 
otherwise wasted power of our waterfalls. These and many 
other contributions equally wonderful and equally useful— 
miracles at first but now mere commonplaces and necessitics— 
have been evolved from the brains of our busy scientific engineers 
largely during the past 40 years. 

But I will not weary you with a further recital of engineer- 
ing achievements, as such a recitation of even the shortest 
possible catalog would consume the entire evening. 

My object in thus calling attention to the relativelv recent 
contributions of engineers to the wealth and resources of the 
world is not to tickle vour pride іп belonging to the engincer- 
ing profession, but rather to awaken vour sense of responsi- 
bility for the great changes іп our daily life, our methods апа 
opportunities of conducting business and all other activities, 
which have been brought about directly and indirectly bv such 
accomplishments, and to make some suggestion for the mect- 
ing of this responsibility. 

Is 1% not a fact that civilization 1n its present form would 
never have arisen and would speedilv come to an end if deprived 
of the engineer and his services? Has not the equilibrium of 
the world been upset by these very gifts of the engincer? 

Is 1t not evident that such tremendous additions to our 
power, knowledge and wealth must have a powerful influence 
upon every phase of our existence? Have not our relations 
with nature and with each other been profoundly affected, and 
as a result required many new adjustments? 

The discovery of new trade routes has, as well known, com- 
pletely changed in times past the history of nations and the 
fate of their peoples. The discoveries of our scientific engi- 
neers during the past 40 vears have been of greater importance 
than discoveries in trade routes, and it 1s inevitable that in 
adapting itself to the new conditions society should be deeply 
affected. The adaptation of man to his new environment could 
not take place without strain and friction. Are we not now in 
the midst of such a process of adjustment? | 

Of course, we all appreciate that the labor and thought of 
many other men of vision and enthusiasm were needed; men 
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experienced in finance, commerce, trade and government, to 
render the all-essential aid required to introduce and to adapt 
to our daily lives these great contributions. But it would seem 
to be self-evident that without the creative work of the scien- 
tific and technical engineers these things would not have seen 
the light of day. , 

This remarkable development was fairly started during the 
first half of the 19th century under the guidance of the civil, 
mechanical and chemical engineer, but was tremendously ac- 
celerated bv the advent of the electrical engineer about 40 vears 
avo. His work during the past decades has reacted upon that 
of the other engineering professions and stimulated and made 
possible the almost equally marvelous development in mechani- 
cal, chemical and other lines of activity. Therefore, I regard 
all those who have been able to participate in the service of 
electrical science as happy and fortunate individuals. It 1s 
true that financial reward has not always been great; on the 
contrary, it has often been extremely meager when compared 
with the rewards which frequently come to the successful 
lawyer, financier or merchant, but our engincer has been re- 
warded by something more valuable and precious than gold,— 
‚Ше thrilling joy of achievement. There can be no greater 
satisfaction than that which comes to a man who believes that 
he is the first to discover some new force or to make some new 
and useful invention. | 

I have lived with and worked alongside of engineers more 
than 30 years. I think I understand the engineer’s aspira- 
tions and character. I can say that it is a case where famili- 
arity has not bred contempt, but, on the contrary, has inspired 
respect and affection. | 

The engineer is popularly supposed to lack certain qualities 
needed in a successful man of business, or to make a good 
salesman, or to handle important financial matters, or to fill 
positions requiring general executive ability. Is this popular 
idea justified? We may admit that an engincer who has de- 
voted his entire time to his exacting work may be lacking in 
the knowledge and experience of other lines of activity, but it 
does not prevent him from having certain natural qualities, 
integrity, tact and aggressiveness combined with general in- 
telligence and common sense. These qualities are personal and 
not professional. No group of men has a monopoly of such 
qualities and in none are they entirely lacking. These qualities 
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are to be found as generally among engineers as among other 
men. 

It has been further charged that as an engineer deals with 
nature and natural laws his experience has been limited to im- 
personal objects, and that he must fail to appreciate or under- 
stand the complicated human element which is the important 
factor in business or in political life. This may be also partially 
true, particularly in the case of some of those whose work has 
been confined to that of pure research or pure science, but is 
not a general condition even among such men, and by no means 
the condition among engineers who of necessity are brought 
more or less in contact with the human element. 

I have noticed that an engineering education and training 
have generally developed a man's powers of observation and 
his desire and ability to learn. He becomes skeptical of mere 
theories, doubts tradition and spurns superstition, but he con- 
stantly searches for the truth and is not afraid of facts. He 
habitually tries to see things as they are and not as he thinks 
they should be. Не is never satisfied that “ whatever is is 
right," but is ever trying for something better. I do not need 
to tell this audience that engineers do not alwavs agree as to 
the interpretation of facts, but opinion is frankly based upon. 
facts and not upon preconceived notions. One who refuses 
to face or acknowledge facts loses his influence upon his fellows 
and his standing among his brother engineers. Тһе engineer 
is always '' from Missouri." 

There is an old proverb which runs somewhat as follows: 
“ One look is worth a thousand words." І like that proverb, 
and it 1s, I think, a fair description of an engineer's point of 
view. How often you hear the expression among engineers— 
“ Well, let's go and take a look at it." Is not this the spirit 
which is needed in respect to other problems in the social, in- 
dustrial and political world? Do they not need less talking 
about and more intelligent looking at? 

It is true that the engineer deals primarily with nature, but 
nature does not lie. Тһе engineer, therefore, learns early in 
life the utter uselessness and folly of deceit. He knows that it 
would be silly to the point of insanity to try to fool nature. He 
is constantly on his guard not to fool himself and 15 therefore 
not likely to try to fool others. In fact, he loses in time the 
desire to deceive, even if he ever had it. Honesty becomes а 
habit, not the honesty of the old-line trader formulated in the 


1915] ADDRESS OF E. W. RICE, JR. 647 


saying, ‘‘ Let the buyer beware,” but the kind of honesty which 
scorns to take advantage of the negligence or ignorance of his 
customer, which involves honest thinking as well as honest 
action. It is quite possible that this habit may make him at 
first the easy prey of dishonest men, but it 15 а quality which 
commands respect and which wins in the end. It is needed 
and appreciated in business of all kinds and sizes, little and 
big. It is helpful to little business. , But big business is doomed 
to big and disastrous failure unless saturated with honesty. 

The engineer's training also tends to produce in him a fine 
blend of conservatism and radicalism. He is not afraid of a 
thing because it is new and he 1s not slavishly bound to prece- 
dent; on the contrary, he is frequently the creator of new things 
and a breaker of precedent, but he also believes in continuity 
and 15 not likely to let go of the old until he has a good hold of 
the new. He does not adopt an idea merely because of its 
novelty, but demands before adoption, the acid test that it should 
be really better than the old. 

There is, therefore, a large field of service open to the engi- 
neer in manufacturing, commerce, farming and all other busi- 
ness activities of our country for which his education and train- 
ing have made him eminently fit. In fact, his work in science 
and engineering, already briefly alluded to, has succeeded in 
so increasing the magnitude, variety and intricacy of manu- 
facture and trade that the special knowledge of the trained 
engineer is alreadv in demand in almost all departments of 
our commercial and business life. Even in the specialized field 
of selling, the old tvpe of salesman with precious little technical 
knowledge has been largely displaced bv the engineer salesman. 

There 15, however, another opportunitv for service awaiting 
the engineer of a most valuable and patriotic character. Тһе 
, biggest business, after all,is that of running this great country 
of ours. Тһе United States not only operates the largest busi- 
nesses itself in its various departmental activities, but through 
its legislators and various commissions it has taken a lively 
and paternal interest in private business. It makes the rules 
for the conduct of our business which fundamentallv affect our 
future for good or for evil. It seems to me that the engineer 
ought to take an important part not onlv in conducting this 
great enterprise but in helping to make the rules for our faith 
and conduct. 


I recently heard a member of Congress say that 1n looking in 
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Congress one was merely seeing as if reflected in a mirror the 
great people who elected it, and that if we, the people, did not 
like the looks of ourselves we should not get angry and break 
the mirror but go and wash our faces. Now, while that was 
a very humorous and witty simile it seemed also to convey a 
homely truth and a sensible suggestion. I began to wonder 
how much there was in the suggestion, and thought I would 
ascertain just how accurate a reflection of our people and its 
activities was to be found in Congress and Legislature. I 
thought it would be interesting to learn the profession or avoca- 
tion of those whom we have elected to represent us in Congress. 
I have here a list from which I will briefly abstract: 


1914. 
HOUSE OF REPRESENTATIVES 
SENATE OF U. 5. Number 
Number Памуств.................... 275 
Пауел СТГ 71 Editors апа publishers...... 28 
Farmin о саны са ew ЫН 5 Merchants & manufacturers.. 32 
Banking. uz s sayas aa o ere а 4 Other business.............. 32 
Publishing.................. 4 Farming.................... 14 
Merchants, mfrs., railroads, БАЙТОВ zorza uye рыда ERES 4 
real есіа(е................ 7. Educational profession....... 
Ur S Май Yu ue x e фа Rand 1 Medical profession........... . 5 
Mehical profession........... L. ArH S лали a ы 3 
Not specified................. 3 Епріпеегѕ................... 1 
—  Notspecificd................ 40 
Total aaah 2e ees 96 — 
Total ah yuras ER 435 


" It will be noted that 75 per cent of the Senators are classified 
as lawyers, and 65 per cent in the House come under the same 
classification. I may say, incidentally, that I did not find а 
single one among the senators who professed to be an engineer, 
and only one in the House of Representatives. An examina- 
tion of the roster of the State of New York shows a similar 
condition, a large majority of the membership of both "e 
Senate and Assembly being classified as lawyers. Now, I co 
not know how these facts impress you, but the witty simile of 
which I spoke rather lost its point as a conveyer of homelv 
truth in the light of the facts. A body whose composition 1s 
about 70 per cent lawyers cannot be considered as a very accur- 
ate reflection of the people of this country. Now, I have the 
utmost respect for members of the legal profession. We are 
all constantly trusting lawyers with our most important business 
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matters and intimate private affairs. No profession has higher 
ideals and no profession comes nearer to realizing these ideals 
in practise. They deserve our confidence. I also yield to no 
one in my admiration of the ability, integrity and patriotism 
of the great men whose names have honored the legal profession 
and shed luster upon our country; men who frequently at great 
personal sacrifice have given the best part of their lives to the 
service of their country. 

However, I think it is competent for us to enquire as to 
whether there is not a disproportionate number of members of 
the legal profession in our law making bodies. Is it for the best 
interests of this country to have any one kind of talent and 
training or point of view so overwhelmingly represented? There 
is a pretty general opinion in this countrv that we are afflicted 
with too large a number of laws, and it has been suggested that 
there may be a connection between the number of laws and 
the number of lawvers in our legislative bodies. Is it not also 
a strange anomaly that a country which owes so much of its 
phenomenal prosperity to the creative work of engineers should 
have practically excluded such men from its Congress and 
Legislatures? Would not our general condition have been better 
if years ago we could have injected into the composition of our 
law-making bodies a number of high class, sensible engineers? 
It seems to me that our engineers have a duty to perform, 
that they owe it to themselves and to the country not to be 
satished with being simply hired to give their views and pro- 
fessional opinion upon programs prepared by other men, but 
should sit with our rulers and share directlv in the responsi- 
bilities of government. 

It is reasonable to expect that men who have been the great- 
est factor in the creation and conservation of our material 
wealth and resources should have sound and constructive ideas 
of practical value upon the matters which our commissions 
ai. created to control. "Therefore, our great commissions which 
аге charged with such tremendous power and grave responsi- 
bilities should have among their members competent engineers 
of experience as well as lawyers, practical business men and 
experts in the special province over which the commission has 
jurisdiction. 

One of the most hopeful signs of the times is the great awak- 
ening of the business men of this countrv to the imperative 
necessity of taking an intelligent interest in our Government, 
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and it looks as if our business men now propose to make a busi- 
ness of seeing to it that they are properly represented in the 
business of government. Engineers should arouse themselves 
and participate in this great movement. А 

While up to the present no better ог more practical means 
has been discovered than our great political organizations for 
giving effect to the wishes of our citizens, it is becoming increas- 
ingly evident to thinking men that no permanent advance can 
be made by simply turning out one political party and substi- 
tuting representatives of another as our rulers. An intelligent 
and continuous effort should be made to improve the composi- 
tion of our legislative bodies. We are essentially a nation of 
manufacturers, traders and farmers. We are all part of an 
organization with a mechanism which is so delicate, extensive 
and complicated that it must be controlled and managed with 
the greatest wisdom and intelligence if we wish to continue to 
progress in prosperity and lead happy and useful lives. It 
seems to me that in the future it will be the duty as well as the 
privilege of the engineer, who so largely contributed to the pro- 
duction of this complicated mechanism, to assist in its manage- 
ment in order to assure its preservation. 


ADDRESS OF E. M. HERR 


— — ань. — 


HIS TOPIC is now so wide that there is no difficulty in 
discussing it from one’s own particular point of view and 
in line with any individual interest and experience. The danger 
lies in dealing with so broad a subject from too limited and 
narrow a point of observation. It is doubtless from a full 
realization of this danger that those responsible for the program 
tonight have brought men together in this discussion from so 
many different positions and varied experiences in life. 

Having announced my apprehension regarding the narrow 
view of this broad question, I feel at perfect liberty to proceed 
to take such view, if only to make good my prediction. 

My experience for the past eighteen years has been with the 
engincer in manufacturing business and the last ten years in 
a business so highly technical in its character and developing 
so rapidly, largely through the efforts of these very engineers, 
whose status we are here to discuss, that it was often a question 
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whether we were engaged in engineering our manufacturing or 
manufacturing our engineering. As fast as the factory learned 
how to make a machine or device of any kind, the engineers 
would bring out an improved design and the shop had to begin 
all over again and learn anew the lesson which had cost so much 
in time, effort and material. At such a time one sympathizes 
with the self-made railroad superintendent of my acquaint- 
ance in Chicago, who, after receiving notice from the chief 
engineer of the railroad that such and such changes must 
be made or limitations put upon speed of trains or weights 
of engines, would frequently say: “ If we could gather up all 
the engineers and drop them in the middle of the lake, we could 
make some money for our stockholders." Апа so he might have 
done for a time, but from this remark it is evident this superin- 
tendent was desirous of standing still as to progress and improve- 
ments. Here we have one answer to the question under dis- 
cussion, уі2.: Тһе engincer stands for progress and improve- 
ments. Progress and improvements! What a fine status for 
any profession. Ifthe engineer always stands for genuine pro- 
gress and real improvements can much morc be desired? Let me 
therefore counsel our voung engineers to adopt this as their 
slogan, and always be sure, in their engincering reports and 
recommendations, that they stand for progress and improve- 
ments that are both genuine and real. 

Тһе engineer is not restricted in his sphere (о dealing with 
inanimate things, broad as 15 the field of 1mprovement and de- 
velopment of the materials, processes and products of a business. 
_ It was an engineer who first developed the principles of scien- 

tific management, and the men who have brought the greatest 
contributions to the wonderful advance in the handling of work- 
men, resulting in materially increasing their efficiency without 
adding to but often lessening the drudgery of their work, have 
all been engineers. 

Engineering, originally the art of managing engines, was later 
defined as ' The art and science by which the mechanical 
properties of matter are made useful to man in structures and 
machines." This definition is now far too restrictive and must 
hereafter include men as well as materials; animate as well as 
inanimate matter. 

In the management of men, the engineer as usually traincd, 
has his severest test. Мапу engineers, remarkable for their 
judgment, skill and intelligence, fail dismally in handling men. 
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The very nature of the training of the engineer tends to unfit 
him in directing and controlling the rank and file of the workmen. 
The exact and uncompromising methods so necessary in engineer- 
ing training cannot be applied in dealing with men. Fairness 
and justice are the cardinal principles to be used always, but in 
addition, in dealing with people one must know how to bring 
the human element into all such relations. When this is properly 
done, the workman is inspired, stimulated and led into obedience 
and lovalty to which no severity or rigid rules could drive him. 

It might be thought that training and directing workmen is 
not part of an engincer's work. Formerly this was true, but 
with the rapid growth in the technical requirements of many 
kinds of manufacturing, and the development of improved 
methods of management of shop work, the latter devised and 
developed by engineers on engineering principles, the old rule 
of thumb methods of shop management are fast becoming ob- 
solete and either the old men must learn the new methods or 
our young men with engineering training must learn how to 
handle men skilfully and fairly. 

Another field rapidly opening to trained engineers is the com- 
mercial one. The product of many of our factories is so tech- 
nical, from an engineering standpoint, that only an engineer 
trained in that specialty can properly present it to prospective 
customers. 

It is, therefore, seen that not only does engineering include, 
besides the designing and constructing field, the managerial 
and executive work which also demands this trained intelligence, 
but even the salesman, who is popularly supposed to be born, ` 
not made, is leaning heavily upon the engineering profession. 
This can only point to one conclusion: In the manufacturing 
business, the engineer, formerly useful for designs and specifi- 
cations, is becoming necessary in practically all branches. 

The daily increase in the complexity of our civilization inevi- 
tably increases our industrial development, and as we have 
seen, consequently extends and broadens the field of engineering 
work. Сап we wonder then at the enormous increase in the 
attendance at schools of enginecring and the rapid strides made 
by our enginecring departments in the University as compared 
with those of the academic departments? 

It is naturallv rather stimulating to our pride as engineers 
to contemplate the rapidly widening field which the profession 
is occupying, but we must not forget that with this broader field 


1915) ADDRESS OF E. M. HERR . 653 


comes greater responsibility and the necessity for more careful 
and thorough training than in the older times of simpler con- 
ditions. H 

But,it will be said, while our activities and responsibilities 
are greater, so also are our resources; and does not the multitude 
of improved processes, labor saving devices and space and time 
savers, such as the many kinds of rapid transit, the telephone, 
telegraph, etc., more than make up for the difference? 

In some parts of engineering doubtless this is true, but in what 
I will call the newest branch, viz., the engineering which deals 
largely with men and not with machines, the managerial and 
executive work to which the profession is being called with 
rapidly increasing urgency, but little help is found in new in- 
ventions. In this new field (if such it can be called) the ability 
to analyze accurately and draw correct conclusions from clearly 
perceived premises, so essential in general engineering, is just as 
important. 

The difficulty which most engineers find comes from the 
analysis of cause and effect in the management of and dealing 
with men and women instead of machines or structures. Тһе 
former is more difficult as a problem and was formerly only 
solved by those thought to be specially gifted in their ability 
to handle men. Like many other so-called “ gifts," this one 
can be learned, not by inflexibility and severity, nor, on the other 
hand, by weakness and vacillation, but Бу even-handed justice 
tempered with humanitv. 

No fair man wants more than justice and I maintain that very 
nearly all men are fair or want to be. Тһе difficulty comes in 
knowing how to deal justly and humancly in every case, and in 
the pressure and urgency under which business must now be 
done. He is both patient and wise to a remarkable degree, 
who can attain unto it. 

Is not, however, the man with an engineering training far ` 
better equipped for weighing correctly the elements which must 
enter into such a decision? He is, with but one exception. 
This exception is his training and tendency to analvze mathe- 
matically. The very training in mathematical analvsis, so 
largely a part of an engineer's education, to a considerable extent 
unfits him for a correct weighing of what I have called the 
“ human element." 

As an illustration, there is a great difference in the effect 
upon an employee of the way an order or decision is given. You 
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all have probably at some time dealt with those in authority, 
from whom you would rather receive a refusal than an acquies- 
cence from another. An adverse decision would be received from 
the former superior and carried out with a feeling of loyalty and 
willingness, but with an unavoidable feeling of grudging obedi- 
ence and almost revolt from the latter. The different effect 
upon the employee was caused by the employer’s knowledge of 
and due regard for one phase of the human element in dealing 
with the employee. | mE 

Many other conditions, largely personal in their character, 
must also be considered and given due weight in an analysis 
embracing the actions of men and women. 

This is the element. to which I wish especially to direct the 
attention of the young men of the profession. That it can be 
learned, I know from my own experience, which also has taught 
me its value. 

Keep steadily in mind the Golden Rule— Do to others as you 
would have others do to you—and your judgment, with this in 
mind, while not susceptible of mathematical proof, will not 
fail of at least some part of the human element and ring true 
to the requirements. 

Do not misunderstand me to advocate a departure from en- 
gineering principles in this matter of dealing with men. On 
the contrarv, they must be dealt with logically and correctly, 
and a proper application of the principles of good engineering 
can bring only this result. Мо correct result can be obtained 
in any engineering or other problem if any of the elements are 
left out in its analysis. The human element is а factor and 
must be included or your result is not true. Therefore, I repeat 
that the епріпсег is needed in the shop and other places where 
men, and women too, must be managed and controlled. In 
this work his status is broadened and his influence greatly in- 
creased, but more important still, the engineer himself is made a 
more liberal, broader, better and more useful member of society. 

Such an engineer will have a broad perspective, because he is 
accustomed to observe tendencies in both men and affairs.and 
to draw correct conclusions from them. Не can lay plans 
far ahead and, seeing clearly the ultimate result, is able to take 
full advantage of the tendencies in both his own field and that 
of allied lines of engineering, not only foreseeing demands but 
so shaping his activities as to create them. 
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ADDRESS OF ALEXANDER C. HUMPHREYS 


FIND that I am somewhat at a disadvantage in this 

symposium, and it 15 my own fault. I have had the oppor- 
tunity to prepare an address for the occasion, but I have tried 
to listen attentively to those who have spoken ahead of me, 
and I shall try to get my text from what they have said. 

I quite agree with the speakers who have preceded me in 
thinking that there is no reason to dread repetition. There is 
plenty of room for emphasis in anything we have to sav on an 
engineering subject, or any other subject, for my experience is that 
in anything we are trying to show to others, or to convince 
.Oothers they should agree with us on certain propositions, we 
make but little progress anyway. There is a large amount of 
paraphrasing to be done, and sometimes the discussion and 
the emphasis lead us to correct our own views. 

I think I should first want to lay stress upon the suggestion 
which has been made by Mr. Stillwell, as to the influence of 
character. Much is said about the education of the engineer, 
and especially the education of the engineer in college, yet, after 
all, the student is not prepared to take his place in the engineer- 
ing profession unless that question of character assumes its 
right place. In fact, the more brilliant a man is as an engineer, 
the worse citizen he may be, if that question of character has 
not its proper place. 

It seems to me that in much of our work in our Institute this 
question of emphasis might be brought out, because we, I think, 
bring forth a great mass of undigested material. It is not 
properlv or fully discussed, and the result is our proceedings 
are filled with undigested material, some of which should’ be 
emphatically contradicted. On the other hand, there is much 
material that should be emphasized and re-emphasized, and 
therefore I want again to second Mr. Stillwell, this time with 
regard to that address of Prof. Swain’s. I think we could all 
afford to read that at least once a month, just as I think we 
could all afford to read Prof. Rankine’s dissertation which is a 
sort of introduction to his Mechanics. I am debating whether 
I shall not make it a condition of graduation at Stevens that no 
Senior shall graduate unless he can pass an examination on 
Rankine's dissertation. I wonder how manv in this room have 
read it? 

Of course, it would not look well for all of us to get up here 
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and agree with each other on every point. I always find it 
agreeable to agree with everybody who speaks at the same time 
I speak, but I am not going to agree with Mr. Stillwell with 
regard to his suggestion of a six-year course in enginecring. 
Dr. Swain, I saw right off, knew I was not going to agree with 
Mr. Stillwell, and I believe Dr. Swain does not agree with him 
either. We mav agree, however, more nearly than would ap- 
pear on the surface. I do believe absolutelv with Mr. Still- 
well that we should not so confine our education for engineers 
in the college as to have them limited to technical studies. Оп 
the contrary, I am a strong advocate of a more liberal course. 
But I do not believe that the college is the onlv educational 
agency. Far from it. If it were, then we would have a very 
poor lot of engineers. 

I do not want to be misunderstood. I do not think that 
the college is actually necessary for the brilliant man, or the 
man who can work 26 hours out of every 24, to get his educa- 
tion. It is the best preliminary training, in my opinion, for 
the average man, but I do not care who he is that goes to college, 
if he depends on that education he will never be an engineer in 
the true sense of the word. Не must still graduate from the 
school of experience. My point about the four-year course, 
the two-year course, preliminary to the four-year course, or 
the six-vear course, is that the argument 1s generally made, as 
far as I have heard it, that we need to increase the length of 
the college course in engineering to keep abreast with the pro- 
gress of engineering science. Then how manv vears shall we 
increase it, if we are going to cover the field? Will two years 
more do it, or four years, or six vears, eight years, or ten years, 
or shall we keep a man in college until he is seventy years of 
age? He will not keep up with the progress of engineering 
science even then. In other words, while the man must be 
trained broadly in the fundamentals of engineering science, yet 
the practical engineer to be efficient must be a specialist, and 
the sooner he gets out, after he has learned the fundamentals, 
the more quickly and more efficiently he will acquire his train- 
ing as a specialist. That is my opinion, based on my observa- 
tion before and since I have been president of Stevens Insti- 
tute of Technology. On the other hand, I believe today in 
America we are distinctly at fault, for the boys come to us at 
college at eighteen vears of age, knowing far less than they ought 
to know, and this because thev have been crowded through 
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so many subjects that, as а class, they are not thorough. I 
believe that our public schools and preparatory schools generally 
can do more than they are doing if we could only recognize 
what is the truth, and recognize what is not the truth, with 
regard to education. Thoroughness in the fundamentals 
should be the basis for all education, and failure here is not 
compensated for by a smattering of many subjects. 

It seems to me that in considering the status of the engineer 
today there is a broad responsibility to be considered. And 
I believe, based on a rather wide experience in engineering 
and outside of engineering, the problems to be settled in this 
country today, if this country is to continue іп prosperity and 
not to have practically a revolution, are many of them, if not 
a majority, connected with engineering and the industries. If 
that be the case, what particular training should be peculiarly 
valuable in the settlement of these problems? Certainly the men 
who are trained in engineering and industrial management. 
But still, as has been pointed out to you by the last speaker, 14 
is the engineer and the industrial worker who is least considered 
today with regard to law making and the settlement of these 
problems. It is very interesting to be told the proportions 
of the different professions represented in our Congress. For 
instance, 75 per cent of the membership, as we have been told, 
is represented by the legal profession. There is only one engi- 
neer. Í notice, however, with a good deal of interest, that there 
are two undertakers in the House of Representatives. I do 
not know how the previous speaker looks on that. If he thinks 
they are out of place, I disagree with him. I would not mind 
seeing the proportion largely increased. 

As to the way our laws are made let me quote from an address 
made last year by a lawyer, lawmaker, and statesman respected 
by all, irrespective of party, Elihu Root: “ We make too many 
laws. Our national and state legislatures passed 62,014 statutes 
during the five years from 1909 to 1913 inclusive. During 
the same five years 65,379 decisions of the national and state 
courts of last resort were reported in 630 volumes. Of the 
statutes 2013 were passed by the national Congress; and of these 
decisions 1061 were rendered by the Supreme Court of the 
United States. 

" Many of these statutes are drawn inartistically, carelessly, 
ignorantly. Their terms are so vague, uncertain, doubtful, 
that they breed litigation inevitably.” 
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We talk about the great achievements in engineering, and 
I think, as a rule, even we engineers are apt to think of the 
influence of our profession as exerted through these great achieve- 
ments, like the Panama Canal, the building of our great subways, 
the great hydroelectric installations, cte., but do we reflect that 
practically every thing in our daily life is involved with engi- 
neering? If we walk through the streets and look into the shop 
windows, no matter what kind of a shop 16 15, we have evidence 
of the engineer’s work in one way or another. If that is so, 
why 15 it that in connection with the laws that are made to 
govern or misgovern these people, the engineer.should not be 
in evidence more than he is? It 1s partly his own fault, I am 
afraid, partlv because he has not felt that he was called upon 
to take up the duty of doing his best to influence public affairs. 

I have had occasion many times to talk these matters over 
with engineers, and have had them say to me over and over 
again: “ Well, that is not my business." It is their business, 
and it is our business, and distinctly so; we distinctly have 
the responsibilitv, for our training makes us peculiarly capable 
of solving some of these problems. The responsibility must 
accompany education and training; and before we complain too 
much as to present conditions we must recognize that we our- 
selves are in part responsible. It is not enough that we are 
ready to serve, but if necessary, we must force ourselves into 
the situation. | 

Now, how about these people who ро to our legislative halls 
and say they reflect the will of the people? It is perfectly 
ridiculous. If a man goes to seek an advantage and by every 
sort of trick manages to make his point, does he reflect the 
attitude of those who surround him? Many of those who have 
been made his tools would not think of adopting his methods 
or his ideals. That sort of argument is funny, as the speaker 
said, but it is very far from convincing. 

How about this joy of achievement? Again, should we not 
look at the little things as well as the big things? Should not 
we as engineers be more prepared than we are to get joy out of 
doing our work well all the time, in effort to keep up the stand- 
ards, even where this involves repetition. Is there not a field 
in this country today with regard to this pleasure in doing work 
well? I know there is in the schoolroom, not only in the col- 
leges, but іп the graded schools. "There is a distinct lack of 
the joy of achievement in the case of too many of our scholars. 
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There is at least one gentleman in the room who would be 
disappointed if I did not refer to the commissions. Why 
should the engineer be excluded from membership in the com- 
missions? They are hired to serve the commissions, to do their 
bidding, but it is rather the exception when an engineer is ap- 
pointed as a commissioner. Personally I believe that the 
present tendency towards commission control is absolutely in 
violation of our form of government. Again, I shall be mis- 
understood, I fear. I believe there should be commission reg- 
ulation, not commission control. I believe that if engineers 
had been on these hoards from the start there would be less 
tendency than has recently been exhibited to usurp the three 
functions of government which, according to tradition and ac- 
cording to law in many of our States, is in violation of our form 
of government, namely, that the one body should exercise the 
three functions of government—the legislative, the executive 
and the judicial. These commissions all do exercise these three 
functions. I have had it stated to me by some of the commis- 
sions that the courts are above them, and so control the judicial 
function. Do not the lower courts exercise judicial functions, 
although they are subject to the court above them? 

Judge Prouty in an address delivered about a year ago, after 
serving many years as the Chairman of the Interstate Com- 
merce Commission, and necessarily having had a large ex- 
perience, while declaring his warmest admiration for his own 
profession, which he says is the greatest profession in the world 
—of course, there is always a difference of opinion in such 
matters—said he had come to the conclusion as the result of 
his experience that the engineer 15 the man for membership on 
these commissions, and then he states some things in which I 
agree with him, and some in which I do not. For instance, he 
states that engineering problems can be solved bv mathematics 
alone. Nothing could be further from the truth, іп mv opinion. 
As Mr. Herr has stated, there are manv other things besides 
mathematics to be considered, and one of the things which 
has to be used to a large extent іп engineering is common sense, 
something that is not too much in evidence in our legislative 
halls today. 

Judge Prouty then goes on to make an argument in favor of 
putting engineers on these boards. I do not mean that he 
favors putting engineers exclusively on these boards, nor do 
I think that the different vocations, the different activities, in 
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life should be represented on these boards, and if a single engi- 
neer is sufficient then a single lawyer 15 sufficient. These 
boards should be made up of common-sense men, broadly 
trained, broad-minded, fair, and competent as investigators, and 
this irrespective of their professions. I do not by any means 
advocate putting engineers on these boards only because they 
are engineers, апу more than we would advocate placing a 
lawyer on the bench simply because he 16 a lawyer. Judge 
Prouty himself in this statement says that the lawyer, naturally, 
is not of a judicial turn of mind. He 1s prone to be an advocate; 
whereas the engineer is prone to be judicial in his consideration 
of questions. I have often thought in connection with my ex- 
perience with these commissions that if I could not do better 
with the law questions that are brought forward than the 
lawver commissioners do with some of the engineering questions, 
I would retire from the witness chair. | 

Another member of the Interstate Commerce—who, by the 
way, is not a lawyer, but a professor of economics,—has come 
to the same opinion as that held Бу Judge Prouty, with regard 
to the desirability of having well-equipped engineers on these 
commissions. I confess I should expect to secure this admission 
from experienced members of the legal profession sooner than I 
would from theoretical economists. 

As to this question of honesty. While we have alwavs had 
the Ten Commandments to guide us we have of late years had 
them served up to us in manv different forms, and generally as 
if they had not been brought to our attention before. Is it 
not true that the legislators and others 1n power today in this 
country are conducting themselves, and trying to conduct us, 
as if there was no real honesty in the country outside of the 
government circle? Is it not a fact that at every turn, business 
and enterprises of all sorts arc being put on the defensive? 
It seems to be assumed that business men must be treated as 
if they were dishonest until they can prove to the contrary. 
Because there is dishonesty, and there alwavs will be until the 
millennium--and in my humble opinion that will not be ever on 
this earth—because there is dishonesty, then must we regulate our 
affairs on the supposition that all are dishonest? We must put 
faith in the men who are doing the work of this world. I have 
had a pretty broad experience in тапу different lines. І com- 
menced at it when I was very young, and I have been thrown in 
contact with men in many different lines of work, and I am glad 
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to be able to say my experience has been that the great majority 
of men І have come in contact with are honest. There аге dis- 
honest men and we must guard against dishonesty as we find 
it in the minority, but that does not imply that every man with 
whom we do business for the first time must be put down as 
dishonest until he proves that he is honest. 

Now, one of our greatest croubles today, in my opinion, is 
that because we have discovered dishonesty in some, we must 
regulate our affairs on the theory that all are dishonest. Per- 
sonally, I object in my bus:ness affairs to the application of this 
theory. 

Another thing: I believe that today we аге submitting too 
timidly to this excess of regulation and control. While I do not 
believe it is for us to try to influence public opinion by devious 
methods, I do believe it is our dutv to educate the public through 
frank statements of fact and arguments thereon reiterated as 
may be necessary ; always being sure of our facts, and then having 
the courage to state them, even though we may fear that our 
personal interest for the time may be thus endangered. 

Just one word in conclusion: I believe that engineers, are 
better qualified than the men of any other one vocation or pro- 
fession to help in bringing back this countrv to a sane regulation 
of its affairs. j 


ADDRESS OF GEORGE F. SWAIN 


T IS an opinion that is verv widely held, and particularly 
among engineers, that the engineering profession is not 
appreciated at its full value, and that the engineer does not rc- 
ceive the recognition in public life and as a leader that his at- 
tainments entitle him to. In times past I have not hesitated on 
various occasions to raise my voice, feeble though it may be, 
in support of that proposition. I have not changed my views 
at all, and I agree with what has been said by previous speakers 
this evening in regard to that matter. However, it seems to 
me that by emphasizing continually what the engineer ought to 
have, we may possibly overdo somewhat that aspect of the 
matter. I am, therefore, going to ask you tonight to take a 
different point of view with me for a few minutes, and to con- 
sider, if the engineer has not received proper recognition, what 
the causes for this are, and how the existing condition may be 
remedied. 
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Of course, as a purely professional worker, the engineer is 
always necessary, and he will always be called upon to do en- 
gineering work. Moreover, statistics show that the remunera- 
tion which engineers receive is, on the average, as large as that 
‘received by members of the other professions. It is a question 
of supply and demand, and the engineering profession is not 
overcrowded. I feel certain of this from my experience in having 
turned out a great many voung men year after year, and having 
placed them in positions. 

Moreover, happiness and content, real success, service to 
mankind and to a man’s family, do not depend upon money, and 
are not measured by dollars and cents, and can be obtained just 
as well when the remuneration is moderate as when the remunera- 
tion is very large; and engineers, as a rule, I believe, receive 
compensation sufficient to enable them to live comfortably. 

Furthermore, in recent years the respect paid to the engineer, 
as well as his financial remuneration, have greatly increased. 
Engineers now frequently receive very large fees, fees that 25 
or 30 years ago would have been considered almost out of the 
question. However, those fees are not as large as those some- 
times received by lawyers or doctors, for the simple reason that 
the engineer does not appeal to sentiment, which is so potent 
a factor in the other professions. I presume that fear, love and 
avarice are the most powerful emotions of the human being. 
The law appeals to all of them; medicine appeals to fear and love; 
engineering appeals to none of them. Another potent factor 
in the human being is vanity. Architecture appeals to vanity. 
The architect can easily persuade his client to put up a costly 
and luxurious building, upon which he receives his percentage, 
the percentage increasing as the work is less and less necessary. 
The architect rightly puts a tax on luxury. 

However, all of these matters in regard to the professional 
services of the engineer will take care of themselves. We are 
chiefly concerned here with the status of the engineer as a leader 
in the community, as a moviny force, as an administrator or 
executor, who leads on the solution of great problems. 

The suitability of a man for leadership depends upon two 
things—his knowledge and his personal qualities. Most of 
the great undertakings today, as has been said by speakers be- 
fore me this evening, involve engineering; most of them, to a 
very great extent. Everybody recognizes this. We all know 
that we live in an age of applied science. 
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But law and business are equally necessary in the treatment 
of all of these great undertakings. There is no more reason, 
inherentlv, and no less reason, why the engineer should lead 
and be the employer, any more than why the lawyer or the 
business man should lead and be the employer. It gets down, 
therefore, in the end, to the matter of personal characteristics, 
as questions of this kind generally do. The man with the person- 
alitv, if a lawyer or a business man, can easily lead, and can 
hire the engineering brains and knowledge, just as the engineer, 
if he has the personality, can lead and can hire the legal and 
the business brains and knowledge. | 

If, therefore, the engineer does not lead, it must be because 
he lacks the personal qualities of leadership; and if he lacks these 
personal qualities, hc ought not to lead. "There 1s no mystery 
about it, no injustice. By personal qualities I mean character, 
presence, tact, ability to handle men, breadth of mental vision, 
mental training. 

Now, some of these qualities are inherent, and all may be 
developed more or less by training and experience. There is 
no reason to believe or to assume that one class of men in a com- 
munity, in the same country and at the same epoch, are inher- 
ently superior, in regard to personal qualities, to any other 
class. Have we anv reason to suppose that engineers are in- 
herently superior to the members of other professions in this 
country? It does not seem to me that we have. What indica- 
tions there are might be considered to point the other way. 

This 1s a matter upon which a person cannot speak at all posi- 
tively, or dogmaticallv, but I have talked with a good many 
college graduates as to what becomes of the men in their classes 
and I have been rather interested to find that they almost all 
tell me that the ablest men in their classes go into the law or 
into business. One thing, therefore, we must do is to try to do 
whatever is possible to induce the young men who аге 
able, and of good character, to become interested in engineering, 
and to embrace it as a profession. We can all of us do something 
in that direction. 

The problem is then reduced to this further question, whether 
the personal qualities that come bv training, or are developed by 
training and experience, give to the members of the engineering 
profession preeminent qualifications for leadership. Those 
qualities which are most influenced by training and experience 
are mental grasp, ability.to reason correctly, capacity to discern 
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truth and a deste for attainment, and also the ability to deal 
with the human element. Now, it is generally claimed that the 
engineer should be particularly fitted, not only by his knowledge, 
which matter I have already referred to and disposed of, but 
because of his training, in ability to think straight, in breadth 
of view or grasp, in desire to get at the truth, and in the ability 
to discern the truth when he has arrived at it. 

Now, how true are these claims? Do engineers think straighter 
than lawyers or business men? No positive statements can be 
made on a subject like this, and there are of course many excep- 
tions to any statement that can be made, but I doubt whether 
engineers as a class think straighter than lawyers, especially, 
or the well-trained and experienced business man. The training 
ef the lawyer in finding the exact meaning of terms is one of the 
most important factors in making him think straight. We all 
know how many misunderstandings and errors in reasoning 
come about because the.exact meaning of the words or terms we 
use are not quite clearly understood. Ambiguity is one of the 
main sources of error in reasoning. The lawyer is continually 
concerned with getting at the exact meaning of words. In 
drafting statutes, in drawing wills, in all the varied work that 
he has to do, this is one of the practical courses of discipline which 
he goes through, and there certainly could be no better discipline. 

Moreover, no man understands a question if he can only 
state it from the positive point of view; he must also be able to 
state it from the negative point of view; he must see not only 
what it includes, but what it excludes; he must see not only the 
arguments in favor of it, but the arguments against it. In 
that matter also, the lawyer has a most excellent training. 
When he assumes a case he puts himself in the position of his 
adversary and exerts his wits to the utmost to discover the weak 
points in his own case. Не tries to discover every argument 
that can be brought up on the other side, and then prepares 
himself to meet them. I somewhat question if engineers in 
their experience go through quite as good a mental discipline 
as that, or whether in the school room they get anything that 
15 quite as good a mental discipline. 

I think, therefore, the legal training and experience, on the 
whole, probably trains men better to think straight or to reason 
logically, than engineering training, The single objection to 
the legal training is one that has frequently been mentioned, and 
has been previously referred to this evening, and that is that the 
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lawyer is apt to become an advocate. But still we all know 
that there are many, very many, capable, high minded lawvers 
who will not take a case unless thev believe that thev have the 
right on their side. Moreover, in human affairs, there is almost 
always something to be said on both sides of every question, 
and the lawyer who undertakes a case, should simply have for 
his object to see that the arguments on the side of his client are 
presented as strongly as possible, leaving it to the judge or the 
jury to decide on which side the right is to be found. It is 
not always a simple case of being in the right or in the wrong; 
it is more often a question of presenting fairly one side of a two- 
sided argument. 

It is undoubtedly true, however, that there is a seamy side 
to the law, and that large numbers of members of that profession 
are dishonest, many of them mere blackmailers or ambulance 
chasers. To this class of men there is no parallel in the engineer- 
ing profession, so that, taken as a whole, I believe, as I have 
frequently stated, that there is no more honest body of men than 
the members of that profession. There is abundant proof, 
however, that honesty of purpose and a desire to arrive at the 
truth may be misdirected, and that those qualities will not result 
in leadership unless combined with judgment, breadth of view 
power of logical thinking and the ability to distinguish truth 
from error. | 

Now, how about breadth of view? Can we say that the en- 
gineer's training and experience gives him a greater grasp, а 
greater mental breadth of view, than that of the lawyer or 
business man? Here again there may be doubt, but I similarly 
question whether today, and in the past, the training of the 
engineer has given him as much grasp and breadth of view as 
the training of the lawyer and the business man. I am afraid 
that the engineer concerns himself in college, and after college, 
too much with the minor technical details of his profession, does 
not accustom himself to studv large questions, does not take 
interest enough in the consideration of the great problems affect- 
ing the community in general. I know that is so in the colleges. 
I know that the young men get interested in the purely routine 
technical details of the studies they are pursuing, and that it is 
difficult to get their minds awav from these things to anv large 
extent. Some men have such breadth of view, and get above 
the details of their profession, but many engineers seem to lack 
this quality and find it very difficult to acquire it. 
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The case with the business man is somewhat similar. I am a 
great believer in the business man, and I believe that his exper- ' 
ence, bringing him in contact, as it does, with law, with engineer- 
ing, with all the varied activities of public life, is a most excellent 
training. I should like to see more engineers in Congress, as 
has been suggested, I should like to see an engineer become the 
president of the United States, but I should like to see, for once, 
a really good, broad-minded business man in the presidential 
chair. 

Instead of complaining, then, although it is true, that the 
engineer is not recognized, I urge that we try to realize, if this 
15 60, that there 15 a cause for it. We live ina world of natural 
law. For everything that is, there is a cause, not only in the 
physical world, but in the mental and moral world; and this 
cause will always produce its effect. If the engineer is not recog- 
nized, therefore, let us see if we cannot find the cause and remedy 
it. 

Among the things which I think we can do, are the following: 
We may exercise our influence to bring the facts in regard to the 
engineering profession, its possibilities, the high character of its 
work, to the attention of our young men in our schools, and 
to induce the honest and capable young men of the coming gene- 
ration to embrace that profession. In the second place, we 
may influence technical education and try to secure a broader 
curriculum in our engineering schools, with more attention paid 
to fundamental principles and less attention to the technical 
details, which the graduate must learn in order to master his 
profession, and which he can learn a great deal better in the 
field after he graduates than he can in the school. Let us insist 
on a training of our engineering students in the English language, 
so that the engineers of the future shall not only be able to speak 
and éxpress themselves clearly and lucidly, but may be able to 
write a proper report, and to impress upon people with whom 
they come in contact, not only that they are qualified in their 
engineering specialty, but that they are able to mix with men 
and to deal with large questions in a comprehensive wav. 

I agree entirely, with what has been said in regard to mathe- 
matics. I think the fact that engineering 15 to so large an extent 
a mathematical subject is one of the main reasons why the 
engineer is not recognized. Іп my opinion, there is scarcely 
anything that tends more to narrowness of view than dealing all 
the time with problems that can be solved only by rigid mathe- 
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matical processes, because the great questions which confront us, 
even in engineering, are not mathematical questions; the data 
are shifting and variable, and the human element comes in; 
therefore, the.man who is accustomed to solve his problems by 
mathematics, and can only do the solving in that way, finds 
himself at a loss in the practical affairs of life, where mathematics 
do not apply. We should further seek to broaden the minds 
of our engineering students, as well as our own minds, by the 
study of history, literature, psychology and other subjects which 
give a broad outlook upon life. 

I urge, therefore, that in these ways we help to make ourselves 
and the engineer of the future possessed of the personal qualities 
of leadership. We may rest assured that if we are possessed of 
these qualities, leadership will come to us. 


ADDRESS OF HENRY G. STOTT 


FEEL that it is not necessary for me to apologize to you 
tonight when I say that I am going to be very brief. The 
hour is so late, and so manv weighty matters have been presented 
to you tonight by the eminent gentlemen who have spoken to 
you, that I am quite sure what I have to say can be put before 
you in a very brief time. 

I think that the present status of the engineer is quite satis- 
factory when we find on our platform tonight two engineers who 
are now presidents of two of our great corporations in this 
country. | 

There is one feature of the status of the engineer in this 
country, however, which is extremely unsatisfactory and ab- 
solutely unfair. I refer now to the many engineers who are 
employed by the United States Government. You hear of 
Major So-and-So, Colonel So-and-So, and Captain So-and-So, 
having charge of such and such a piece of work, a great piece 
of engineering work; but you never hear a word of the poor civil, 
mechanical or electrical engineer, who has actually done the work, 
and probably planned the whole thing. Our army engineers are 
very capable men, but they secured their high positions, as a 
rule, as executors, and did not do the actual engineering. That 
is one point on which we should all aim to help out our brethren 
who are employed by the United States Government, to secure 
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a better recognition of their services. That is really a very 
‘important thing, I think, for engineers to remember, and they 
should keep it in mind wherever they can bring anv influence 
to hear on the Government officials. 

About seven years ago, when you honored me by electing me 
President of this Institute, at the time when it came for the 
President to sing his “ swan song," I made some remarks оп the 
‘Evolution of Engineering." In that address, which was given 
at Atlantic City, I quoted one of the oldest definitions of en- 
gineering that we have, that of Thomas Tredgold, who, about 
eighty-seven years ago, gave this definition: “Engineering: 
The art of directing the great sources of power in nature for the 
use and convenience of man." That is a very powerful definition 
and still holds to a great extent today. However, I showed in 
my address to which I have just referred that, due to the evolu- 
tion of engineering, we are constantly developing new specialties, 
that as the art developed and the pagticular branch which a 
man was working on became more important, it became necessary 
for someone, and perhaps many, to devote their entire attention 
and study to that one branch. We have at least fifty distinct 
and entirely separate branches of engineering today. While it 
is very necessary for a man to have a general knowledge of en- 
gineering, and of other subjects, in that connection I always 
think of a musical comedy which was presented in New York 
some years ago, in which one of the performers rendered a song 
or recitation, and іп it he told about his father, who was a 
" musikir," but he could not play the violin because һе had too 
many knuckles on his fingers, and could not play the trombone 
because he did not have wind enough, etc., and he finally settled 
down to play the base viol. The moral which the performer 
drew from his father's struggle to play the different instruments 
was that ''you cannot play every instrument in the band." 
There is much truth and philosophy in that, and it stuck in my 
mind. We should specialize in some particular branch, and 
remember that we cannot play everv instrument in the band. 
There are at least fiftv different instruments in our band, and 
no man can play them all. 

Thedevelopments of recent years, however, have brought us face 
to face with two tvpes of engineers, those who specialize on one, 
or possibly two subjects, as one class; those men, I think, reap 
their reward in their achievements rather than іп any great fame 
which may come to them. They certainly in their achievements 
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have great reward. In another class are those who come to 
certain stages of endeavor by a process of natural selection, and 
naturally adapt their engineering principles to executive posi- 
tions. We have on the platform tonight several notable ex- 
amples of that kind. I take it that as long as men are not all 
made alike—no matter how evenly they may start with the same 
education, they all have different characteristics—and each one 
must be developed along the line of his particular talent, so 
that while some may specialize, others will generalize. 

And so, as in finishing up my address at the Convention 
at Atlantic City, I will close with my own definition of engineer- 
ing, which I made at that time, as being rather more applicable 
to the present development of the art:—'' Engineering. Тһе 
art of organizing and directing men and of utilizing the forces 
and materials of nature for the benefit of the human race.” 


ADDRESS OF ). J. CARTY 


HE ENGINEER does not work in isolation. Like his fellows 
in the other learned professions his work 1s done in co- 
operation with those within and without his own profession. 
His work may be done through conscious co-operation, as in a 
corporate organization or learned society, or it may be done 
through that co-operation which he, like all others, exhibits 
as a member of organized society, and which is often most in- 
tense and effective when he is attending strictly to his own busi- 
ness, with no thoughts of co-operation in his mind. 

From the dawn of engineering the work of the engineer has 
had to do with men as well as with things. Тһе first rude 
implement shaped by the hand of man was designed to divide 
man's labor with him. In creating the first industrial and agri- 
cultural tools used by mankind the primitive engineer worked 
out a problem in organization, for the problem of organization 
is the problem of the division of labor. Labor may be done 
wholly Бу men and divided up among them in various wavs ас- 
cording to their abilities, or it may be divided so as to be done 
partly by animals or partlv by machinery provided by the 
engineer. 

On account of the physical nature and oftentimes the monu- 
mental character of great works of engineering, the material 
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side of the engincer’s work has, until recent years, been its dom- 
inating characteristic, not only in the minds of the public but 
to a large extent in the minds of the engineers themselves. . But 
a change has taken place. It has come about so rapidly and 
so imperceptibly that there has not been time even for the en- 
ginecr himself to realize it, notwithstanding that to these changes 
he has been perhaps the greatest contributor. 

The pure scientist, searching the unfathomable depths of 
nature to discover the wonderful truths there to be found, pro- 
duces the raw material with which the engineer, with the power- 
ful aid of his close ally, the chemist, constructs agencies which do- 
so much to magnify the returns from the labor of man. From 
the dawn of history the work of the engineer has been to lighten 
the labors of man and to provide him with means of defense 
against his enemies. That these agencies provided by the en- 
gineer could be used for offense, as well as defense, and that they 
have been used in unjust, aggressive wars is the testimony of 
history. This evil is not to be ascribed to the work of the 
engineer. It is but a part of the crime of those who are 
responsible for waging an unjust war. 

To understand the status of the engineer, we must appreciate 
his activities in war as well as in peace, and when peace comes 
again, and let us hope it will not be long delayed, astounding 
will be the story that will be told of how the agencies provided 
by the engineer have shared with man the labor of destruction. 

Fortunate it is that we are not now compelled to con- 
sider the consequences of the engineer's efficiency in war, but 
that we can dwell upon the more salutory results of his efforts 
in the arts of peace. 

During the last forty years, the increase in the means 
of transportation and communication, combined with the multi- 
plication of improved labor-saving machinerv in agriculture, 
mining and manufacture, which is so largely due to the engineer, 
has made possible in a higher degree than ever before that divi- 
sion of labor and that high state of differentiation in our industrial 
and commercial organization which are the mark of progress. 

Everywhere that machinery is employed, the work of the 
engineer is plainly evident, even to the superficial observer. 
It can be allocated to a concrete, definite, physical thing. It 
is not so easy to see that in the design of this machinery the 
engineer had to consider his problem broadly as a problem in the 
division of labor, and that he had to determine at what point 
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іп the economic scale human labor could properly be superseded 
by that of the machine. 

By such methods as these, the engineer long ago learned what 
is not yet sufficiently understood, that the problem of introducing 
a labor-saving machine is not solely a mechanical one. In 
addition to mechanics it involves economics as well as methods 
of operation. To the untrained mind the design of a machine 
to perform work formerly done by hand seems all that is required, 
but to che engineer, who is trained to consider these problems 
comprehensively, such a machine, however well it may operate, 
is not a labor-saving machine until the total annual charges 
lying against it are less than those which would be incurred if 


the work were done by hand. In this comparison, of course, | 


the same quality of output is assumed. Unless equally good 
work can be done by the machine at lower annual charges, it 
is not a labor-saving machine, but rather а labor-increas- 
ing machine, substituting one kind of labor for another 
and more of it; but because this increased and substituted 
labor is performed in the mine, or at a distant factory, or else- 
where, it is not recognized by those minds which are capable 
of dealing only with simple, concrete things before their eyes 
which they can see and touch. 

It is in the manifold nature of such problems as these that the 
ideals and imagination and those other mental processes of the 
engineer are brought to that high degree of development which 
lies at the foundation of all that is great in his achievements. 
The work of the engineer calls first for a correct ideal. While, 
as in other human affairs, it is not often that he attains an ideal 
solution of his problem, he understands the value of a correct 
ideal toward which, by the aid of an accurate and trained 
imagination, he directs his efforts. 

In a distinguished way the work of the engineer, to be success- 
ful, must follow strictly in accordance with nature’s laws. Be- 
fore a human tribunal it might be proved by specious argument 
that an inadequate structure will sustain a maximum load or 
will withstand the severest action of the elements, but in the 
court of nature, before which all of the work of the engineer is 
ultimately tried, nothing will prevail but absolute compliance 
with its inexorable laws. 

The historian of the future will say that perhaps more than 
any other class of men the members of the engineering societies 
which are represented here tonight and their fellow engineers 
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elsewhere are responsible for the marvelous transformation which 
has taken place in the material conduct of human affairs during 
the lives of those now living. © 

This change has manifested itself in a striking manner in the 
growth of large organizations in all parts of the world. In com- 
munities and nations, as well as in corporate organizations, the 
same tendencies have been at work. Where formerly, units 
acted more or less independently and in isolation, they are now 
brought effectively into an organization which is nothing more 
than systematized division of labor between men and mechanism. 
All of this is made possible by the perfection of means of com- 
munication and of transportation of goods and people. Without 
these means co-operation between distant units would be im- 
possible and co-ordination of men and machinery now effected 
over distances of thousands of miles would again be reduced 
to those primitive forms of control which can be used only when 
the units are close at hand, in office or factory. | 

This process of growth and differentiation which the engineer 
has done so much to promote has produced its effect upon the 
engineering profession itself. Engineers have increased in num- 
bers and their work has been divided into branches. То the 
civil and mining and mechanical we have added the electrical 
and the chemical, and the electrochemical. Each branch 
has in turn thrown out from itself other branches until we 
have so many different kinds of engincers that I will not at- 
tempt to give the list, which includes farm, public relations, | 
efficiency and comniercial enginecrs. 

With such a great growth in the number of engineers and in 
the importance and extent of engineering, it is inevitable and 
but a sign of progress that these differentiations should occur. 
Forty vears ago there was no electrical engineer. Now electrical 
engineering is divided into specialties and even subspccialties’ 
At the time of the Centennial Exhibition at Philadelphia 
there were no telephone engineers. Todav in this country alone 
thev are to be found by thousands. | 

It has been said that efficiency engineering is but a meddlesome 
interference with factorv management; that commercial en- 
gineering very often contains no engincering whatever; that 
the farm and public relations engineer are but absurdities, and that 
some action regarding the abuse of the term "engineer" should be 
taken by the National Engineering Societies. But it seems to 
me that affairs are not so bad as all this; that there is much that 
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is commendable in all of these movements; that they should 
be allowed to develop until they have assumed definite shape, 
and it can be seen whether they may not represent some most 
important activity to which perhaps only the wrong name 
has been applied. Such growths as these, if not fit to survive, 
can safely be left to that pruning process which nature sooner 
or later applies to all that is unfit. 

There is no doubt that in the sudden growth of organization 
in mine and factory and on the farm and in commerce and 
transportation and communication, the engineer has often been 
admirably qualified to make that systematic division of labor 
among men, and between men and machines which constitutes 
modern organization. When viewed as a problem in the divi- 
sion of labor as between man and machine how natural and easy 
has been the evolution of the efficiency engineer, who is really 
dealing with the problem of management, and who is calling 
his work by the name of “scientific management " instead 
of “efficiency engineering.” It will be а great day for 
progress when ''scientific" management can be merged with 
“common sence” management, cach droping the adjective and 
becoming plain management. 

There is no doubt that some of the engineers with adjectives 
have been over-running the territory and encroaching upon the 
provinces of other branches of industrial and commercial activi- 
ties, and that under the name of “ engineering ” they have been 
performing functions foreign to that profession. It is safe to 
say that this is because the sudden increase in the complexity 
of modern organization brought about by the use of scientific 
‘methods and mechanisms has obliged the manager to give more 
and more attention to scientific and engineering matters. 
Because of his lack of familiarity with these new changes he 
has been obliged to са! to his aid the engineer and has been 
led to call by the name of ‘‘ engineering " many activities which 
are really those of management and which, with the growth 
of the science of management, will in due course be called by 
their proper namcs. 

In this there is a tribute to the engineer and at the same 
time a warning. It is coming to be recognized that the ехрст- 
ience with men and things to be obtained in the practice of 
engineering is a valuable ingredient 1n that complex compound 
of which successful management is composed. Тһе warning 
to the engineer is to check his activities as soon as he finds they 
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are encroaching upon the province of other professions and 
other departments, to call things by their right names, and to 
recognize that within his own province there lies a career ex- 
ceeded in usefulness by none of the other learned professions. 
By so doing he will best prepare himself to receive that recogni- 
tion outside of his own profession which, at the dedication of 
this great engineering building, was prophesied for him by 
Dr. Hadley, the President of Yale, who said: 


“ We have outgrown the day when a little common sense was 
sufficient for managing the affairs of the nation. They are 
become too complex and this complexity gives the engineer— 
if he will add to his training in mathematics a training in ethics 
and political economy and the fundamental principles of the 
law—an opportunity such as never before existed to claim and 
receive the position which rightfully belongs to him. 

“ We celebrate today and we are justified in celebrating the 
recognition of science as a necessary guide in the conduct of 
the material affairs of each man's business. Half a century 
hence, when our descendants shall meet in this building, or some 
yet greater building, I am confident that they will celebrate a 
yet greater thing, the recognition of the right of men of science 
to take the lead in enlightening the thought of the people on 
public affairs and the responsibility of filling the higher positions 
in the service of the commonwealth., 


Although these words were spoken from this very platform less 
than ten years ago, yet 1n that short time so far has the status 
of the engineer been advanced toward the ideal set forth by 
President Hadlev, that I am sure if he were here to-night he 
would not place that day which is to be celebrated so far away 
as half a century hence. 
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DISCUSSION ON “ ELECTRICAL FEATURES OF THE UNITED STATES 
RECLAMATION SERVICE" (NEWELL), PHILADELPHIA, РА., 
OcTOBER 12,1914. (SEE PROCEEDINGS FOR OCTOBER, 1914) 

(Subject to final revision for the Transactions.) 

Paul Spencer: Upon hearing the paper read, I was struck 
with the advantages of having someone supply you with money 
without interest charges, and being able to make contracts on 
which you could shut off power whenever you did not have it, 
or did not wish to supply it. Under those circumstances, I 
can understand that you might be able to sell your surplus 
electricity at the price stated. The low rates can only be con- 
sidered as due to those extremely peculiar conditions. 

Ralph W. Pope: It is not quite true that the cost of installa- 
tion is given to the owners of the land, or that they do not pay 
the cost. That is all figured out, and included in the price 
that they pay for the land, and it is expected that the installa- 
tion will be paid for by the consumers in the course of twenty 
years. Ав to the low rate, there is absolutely no use for 
the power in winter. Тһе intent of the irrigation plant is to 
supply water for irrigation, and no pumping 15 required during 
those months when the low rate is given. It is simply a question 
of competing with coal, for heating, and this is possible where 
coal is $7 a ton. 

I had occasion to inquire about this matter of taking up 
land, and the replies I got were conflicting. One question that 
I asked a man, was whether they found men who were willing 
to take up these small tracts and pay the price, whether or not 
they were farmers who were accustomed to operating small 
farms. He said that was one of the difficulties that they had 
to contend w;th, that they did not find people ready to take 
up the land under those conditions. Another man that I met 
further on, said that where he was, they had had no difficulty 
of that kind, that there was no trouble at all in finding people 
who were willing to settle under those conditions. So, there 
you have the two statements, probably one coming from one 
part of the country, and the other from another part. 

It is certainly а very interesting subject, and since I have 
learned more about irrigation, I realize that it might have been 
used in our eastern States to great advantage, and we would 
have less growling about a drought, such as exists now in many 
parts, if farmers had utilized the water which is available for such 
purpose. Of course, this is not always the case, because we do 
not have the snow-capped mountains in the East to furnish water 
through the action of the sun, so that the conditions are some- 
what different. 

Т. E. Kershner: I was looking over the table on page 1585, 
and, a little contrary to a previous speaker, I cannot say that 
I was struck with the cheapness of the power, except, perhaps, 
іп two instances—0.268 cent and 0.126 cent per kw-hr. If 
you except those two cases, we can buy wholesale power cheaper 
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than any of the other figures, from Pennsylvania water power 
compames. 

P. M. Lincoln: The cxtremely low rate for heating, given 
in the table on page 1587, 1s possible simply because during the 
winter time they have no other use for the power, and the only 
market for their power is for heating purposes. Тһе load fac- 
tors are given on page 1585. Those prices applv for the load 
factors actually given. You will notice that where the load 
factors are high, the prices are low, and where the load factors 
are low, the prices are high. 

Н.А. Hornor: There is one fallacy spoken of in the paper 
that we all know very well, but it seems to me that it is import- 
ant from the standpoint that the public does not seem to under- 
stand it. I refer to the question of transformer losses. I have 
heard it stated by an engineer of onc of the most efficient central 
stations 1n the castern part of our country, that the coal con- 
sumption on Sunday about equalled the normal daily coal 
consumption during the week, due simply to transformer losses. 
I think the public fails to appreciate that the central station has 
to carry a transformer load in order to supply its customers 
with reliable power. 

Vladimir Karapetoff: Mr. Newell in his paper does not 
claim to bring out anything new from an engineering point of 
view. Оп the contrary, he emphasizes the fact that the con- 
struction used is standard as much as possible. Nor is the 
paper remarkable for the size of the plants or the hydraulic 
head used. We have a great many plants in comparison with 
which the plants he describes are mere dwarfs. But the paper 
is of great interest because it gives examples of successful hydro- 
electric work done by our government. Those of us, who, like 
myself, are believers in government ownership and operation 
of public utilities, welcome a paper of this kind, because it fur- 
nishes us with valuable material for our argument. We have 
very little inkling of the successful engineering work done by 
the government. This afternoon we listened to an account of 
the highly successful work done by the Navy Department in 
cooperation with private concerns. I welcome Mr. Newell's 
paper as showing that there 15 no reason why the government 
should not engage 1n a hvdroelectric project and bring it to a 
successful end. 

There are just two points about which I would like to ask. 
On page 1585 the cost іп cents per kw-hr. is given. Is it not 
rather misleading, to give the cost per kw-hr. in a hydroelectric 
station? Тһе first plant, for instance, operates at an annual 
load factor of 12.7 per cent, and the cost in cents per kw-hr. 
is 0.81. Тһе plant could furnish, say, five or six times that 
amount of power, with very slight increase of expense, for ad- 
ditional personnel, and the cost in cents per kw-hr. would be, 
say, one-fifth of that given. In other words, it seems to me that 
the last column does not really give the cost, unless it is always 
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quoted in connection with the annual load factor. There ought 
to be some other basis for comparison. Of course, one basis 
is the cost of the original construction, per kilowatt capacity. 

Another point is this: Some years ago I was asked to in- 
vestigate into the possibility of certain electrochemical processes 
in this country that require cheap power, and particularly one 
of fixation of atmospheric nitrogen, a problem which appeals 
so much to our imagination. At that time I could not find 
any place where power could be purchased at a figure that 
would warrant such an installation. After reading these won- 
derful figures of cost, I should like to ask those who, like Dr. 
Hering, understand about electrochemical processes, if nitrogen 
fixation, or some other fertilizer process, could not be run in- 
termittently during the winter months in connection with one 
of these plants? 

Carl Hering: It seems to me that answers itself, provided 
such a process can be interrupted; in fact, at a recent meeting 
of another society, I cited that very case as one in which 
power could be ''stored'" more cheaply and better than it can 
be stored as water in reservoirs. І refer to those electrochemical 
plants which can be run when the water power exists, and can 
be shut off when it does not exist. In that way the product 
can be produced while the water is flowing, and can be sold at 
one's leisure, which is in cffect a process of storing the energy. 
There is no doubt that this can be done with some electrochemical 
processes, but not with all of them. 

In connection with what Prof. Kershner said, I notice at an- 
other place in the same table, on page 1585, that these costs 
are stated to be those at the switchboard, and not for power 
delivered to the premises. It is one thing to generate power, 
and’another thing to transmit it and deliver it; the cost of trans- 
mission is sometimes great. Опе would have to run nis own 
lines to the switchboard, to use the power at these rates. If 
the cost of distribution 1s added to the figures in the lower part 
of the table, the energy is by no means cheap. 

Mr. Bender: I would like to ask, also, in connection with 
those figures, if interest 1s included in those costs? That would 
be another item to be taken into account. 

P. M. Lincoln: I am not sure of that, but I think interest 
is included, but at a very low rate, a rate at which the govern- 
ment can borrow money. 

H. Goodwin, Jr.: Mention has been made of the use of water 
for irrigation in the orange orchards in Southern California, 
and it might be of interest to try to get a little nearer to the 
point of view of the men operating those orange groves. Two 
years ago I was at Santa Paula, about 100 miles north of Los 
Angeles, at the oldest lemon grove in Southern California, which 
is now growing many oranges, too. "They own the water rights 
of a small stream which supplies sufficient water for irrigation 
all through the irrigation season. Тһе grade at which the 
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water reaches the grove is the highest of the level section, but 
above that are many acres on a steep hill which were used only 
for hay. (Their hay is a mixture of barley and oats, and not 
our timothy and clover). There was so much money in oranges 
that they were considering putting about 50 acres of this land 
into oranges. To do that they would have to pump water to 
the top (by electric power, of course). 

At the rate they receive for such purposes it was found that 
it would cost them $18 a day for pumping water up over this 
hill of 50 acres. That was no hindrance at all to them. They 
went right ahead with the proposition. Eighteen dollars a day 
is nothing at all to them. But if you tell a farmer here in the 
east to spend $18 a day for pumping water over his land, so 
as to double his output, he will tell you you are crazy. 

There is another interesting point about the way they use 
the power. One very large item of expense of which Mr. 
Hornor has spoken is transformer expense. They avoid this 
by using 2400 volts just as we would use 110 volts here. All 
the pumps are 2400 volts. They run the overhead lines on 
ordinary D.G. glass insulators, come into a little shack through 
porcelain tubes, erect some current transformers and a meter, 
_ put a couple of knobs on the ceiling, and drop down to the motor 
in the center of the floor. This wiring does not cost them much 
over $20 or $25, which is a decidedly different proposition from 
our transformer installation, and other work we have to do in 
this section. Yet I could not find any case of death by elec- 
trocution of any of the men working around these groves. 

The point of view of the Southern Californian is so different 
from our own in regard to spending money on farms, that it 
should be of interest to us to look at things occasionally from 
that viewpoint. 

F. H. Newell (by letter): The above discussion indicates that 
the object of this paper has been correctly understood and 
that it 1s necessary onlv to answer one or two questions. 

With reference to the taking up the reclaimed land, there 
has been relatively little difficulty or delay in this, as the public 
lands are practically given away under condition that the cost 
of bringing water to these lands, including the expenditures for 
the hydroelectric power plants and other accessories, is repaid 
by the land owner within 20 years. The time for repayment 
was originally set at 10 years but, by Act of Congress of August 
13, 1914, it was extended without interest to 20 years. Thus 
the land owners are called upon to pay an average of only 5 
per cent on the principal, not interest, for 20 years and then 
all payments cease, except for operation and maintenance. 
The amount paid, however, during the first few vears is less 
than 5 per cent but during the latter years of the 20-year period 
is as high as 7 per cent, being adjusted so as to make complete 
payment of construction cost within the 20-year period. 

In regard to the cost of lands which have passed into private 
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ownership, the prices set on these have been high, but the in- 
flation has practically ceased, and lands irrigated by the govern- 
ment are now being held at more moderate prices than in the 
past few years. Тһе difficulty has not been so much that of 
disposing of the land as in getting it utilized to the best ad- 
vantage after it has passed into the hands of homestead entry- 
men or purchasers. The lack of capital and high interest 
charged on borrowed money has delayed development, but with 
the gradual growth of the country and increase of small in- 
dustries made possible by cheap power, there is a steady im- 
provement in agricultural conditions. 

One of the striking needs, as pointed out in the above discussion, 
is that of some method of storing this cheap power, one which 
may possibly be brought about by electrochemical processes. 
Here is a field for invention which it is hoped will be entered 
upon at an early date. 

The experience which 15 being acquired іп construction, 
operation and maintenance by the government of works of this 
character cannot fail to be of value, particularly at the present 
time when there is general agitation for enlargement of govern- 
mental functions. This paper will have fulfilled its purpose if 
it has attracted attention. to some of the opportunities and 
limitations of such governmental undertakinys. 


DISCUSSION ом ' ELECTRICAL EQUIPMENT OF THE ARGENTINE 


BATTLESHIP ‘ MoRENO '" (HORNOR), PHILADELPHIA, PA., 
OcTOBER 12, 1914. (SEE PROCEEDINGS FOR OCTOBER, 
1914.) 


(Subject ¿c final reviston for the Transactions.) 

H. L. Hibbard: I should like to know if the author could 
tell us something about the results of the tests on the electrical 
equipments which he pointed out as particularly novel and new, 
for instance, steering gear, anchor windlass, bilge pumps and 
ammunition hoists. All those are more or less novel, and I 
thought perhaps he could give us some actual data from this 
ship or possibly from her sister ship. 

Maxwell W. Day: I think there is a decided advantage in 
the 220-volt system, as far as the installation of the wire is 
concerned and also in the size of the controlling appliances, 
and also to some extent because of its effect on the design of 
the motors, especially in the larger sizes where commutator 
space can be saved, but, on the other hand, the motors 
require more turns, taking a greater amount of waste space 
for insulation and a greater use of commutating poles, so 
that for a larger number of the motors there is no saving in 
weight or expense. 

The question of operating searchlights by balancer sets or bv 
other means is something of a problem. It is not extremely 
easy to determine whether it is better to put in balancer sets 
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and use the rheostats or to use that type of generator which 
will give practically a constant current. With the 125-volt 
system there 15 no particular advantage in this type of generator, 
because its efficiency is not as high as that of other types, so 
that there is. considerable loss in the machine itself, and the 
difference in using a rheostat for 125 volts to steady the arc, 
which might take 65 volts, or the use of a motor-generator set, 
does not show апу great advantage for the motor-gencrator 
when we take into account the weight to be carried on the ship, 
although there might be cases іп which the heat developed on 
the rheostats would be sufficiently objectionable to cause а 
decision in favor of the other arrangement. But when you come 
to 220 volts, the case is somewhat different, and in some navies 
special motor-generators, that deliver practically a constant 
current and require no steadving resistance for the arc, have 
been quite extensively used. 

The steel switchboard with the instruments insulated from 
it 1s German practise. It seems to have some advantages, but, 
of course, the question of insulation 1s more difficult than it 
is with a slate base or pancl made entirely of insulating material. 
But some troubles that have bcen experienced with slate led 
the United States Navy to look for other substances, and оп 
motor control panels the use of ebony asbestos wood in place of 
slate is becoming more extensive. The use. of alternating cur- 
rent for the intenor communication svstem is also a German 
practise, although the Germans use direct-current apparatus 
also. I do not suppose the experience on the Argentine ships 
has been sufficiently extensive vet to decide on the relative merits 
so far as these ships are concerned. 

The question that Mr. Hornor raised, of continuous waves 
as against a spark system of wireless telegraphy, 1s one of interest 
and the very successful results that have been obtained with 
the continuous wave system, both when developed by the arc 
and bv high-frequency generators, have led to the desire to 
make use of some such svstem on smaller outfits, such as those 
used on vessels. But in the first place, there is a little difficulty 
in convenientlv obtaining the short waves from the arc svstem, 
and to build а small high-frequencv generator for short waves, 
is very expensive. Further, I understand that the short con- 
tinuous waves are subject to a greater absorption in the atmos- 
phere than those of the spark system, so that it seems rather 
doubtful to me that the continuous wave system will be exten- 
sively used for shiphoard practise, at least in the near future. 

I might say a word about the stecring gear. As Mr. Hibbard 
knows, we have not advocated the contactor system for large 
equipments, but this particular case being one of 220 volts and 
of comparatively small power, 1t seemed to come within that 
range where contactors could be used with satisfaction. This 
particular svstem is not exactly what is being used in the United 
States Navy as regards the follow-up device. Тһе United 
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States Navv does not use follow-up devices, so that when the 
steering switch is turned to the nght or left, the rudder moves to 
the right or left as long as the switch is left in that position 
or until the limit switch cuts 1t off, while on the earlier systems 
of electric steering gear, the amount of motion of the motor 
depended upon the amount of movement of the steering wheel 
or steering lever. It is rather difficult to make an electric 
follow-up device, and so in this case, and also in order to avoid 
adding to what is already an extensive electric equipment, the 
electric connecting leads between the steering gear itself and 
the steering stations were omitted and the control is operated 
by means of the same wire rope or hydraulic telemotor that 
operates the steam valve, the change-over connections being 
made in the steering room. 

The Moreno has not had its trial trip, so that the tests at sea: 
on this gear have not yet been made, and the final equipment 
on the Rivadavia has not had its full test, so that at present 
no information is available concerning the amount of power 
required or the general operation. 

G. A. Pierce, Jr.: The wiring and the method of installation 
described were unique in this country and at the time this in- 
stallation was designed. Ав Mr. Hornor stated, changes have 
been going on from time to time from a conduit svstem, which 
is not to be desired in any respect, and has been looked upon 
with suspicion since the early days when the change was made 
from a wooden molding to conduit. I think there will be no 
occasion in the future to return to the conduit system, so that 
as regards the reduction in weight and space and also the in- 
creased facilities for inspection, the present form of construction 
in the Moreno is an advancement. 

In the distribution of energy we find the same method 
that has always been employed in this country, that of 
separate dynamo rooms, with interconnecting bus feeders, 
necessarily large switchboards, a multiplicity of circuits of small 
cross-section paralleling each other for great lengths, with a 
corresponding number of protective devices, and numerous large 
and cumbersome hand starting devices for motors. The installa- 
tion of 38 lighting circuits for a total of 3000 lights, or an average 
of 80 lights per circuit, and the use of 76 miles of wire in the in- 
stallation of this size, is a continuance of past practise, the ad- 
vantage of which has long since been questioned in this country. 

While there are some innovations in the application of elec- 
tricity on this vessel, the extreme application is not apparent. 
The communicating and lighting system compares with vessels 
of the same dimensions built in this country, and by a comparison 
of the power installation with other vessels we find but few 
exceptions, viz., windlass, fire pump, oil engine pumps, electro- 
mechanical hammer, ozonators, athletic horse, and moving pic- 
ture machine. There is also in use a power system which ap- 
pears to have been advisedly omitted in vessels built in this 
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country, that is, the electric forced draft blowers. Since the 
successful construction of small steam turbines has been ac- 
complished, the installation of electric motors for forced draft 
blowers results in a waste of space, weight and economy. While 
we desire to see the unlimited use of the electric motor, it is 
the speaker’s opinion that this consideration will apply to all 
auxiliaries within the zone of the boiler and machinery spaces, 
where power is available diréct from the boilers without trans- 
formation and control of the power is so extremely simplified. 

In 1902, when the Russian battleship was constructed in 
Philadelphia, we had an electric steering gear, electric bilge 
pumps, ash hoists, and electricity in almost all of these features 
with the exception of the windlass, fire pumps, oil engine pumps, 
electro-mechanical hammer, etc., which at that time had not 
` been invented, ог were not in use anywhere. 

The use of 220 volts, double the voltage previously used, does 
not result in one-half the cost of wire as would be indicated, 
but only in the saving of three-tenths, with very little difference 
in the cost of wiring appliances and practically no difference in 
the cost of apparatus or labor for installation. The saving in 
weight follows very closely the same proportions as the cost of 
material, and when the additional cost and weight of balancer 
sets with wiring and additional protective devices and switch- 
board equipment for the control of searchlights is considered, 
the advantage of this increase in voltage is questionable, par- 
ticularly in view of the advisability, since alkaline storage bat- 
teries have become a commercial success, of installing storage 
batteries as auxiliaries for lighting and power for each battle 
unit. 

The interior and exterior means of communication of infor- 
mation on this vessel are complete. The ever-increasing growth 
of this system in a battleship may, however, necessitate its re- 
modeling in a very few months, as it is upon these svstems the 
vessel must depend for its existence. If ready for action its 
presence must not be known until within range and if caught 
unawares or disabled it must attempt to escape and the vessel’s 
own smoke or absence of it 1s employed for this purpose. We 
have recently learned of an invention to indicate automatically 
in anv part of the vessel the color of the smoke emitted from the 
stack, and no doubt this system will be added in the near future 
to the ever-increasing means of communication on naval vessels. 

Mr. Hornor has raised some question about the 220-volt 
lamps. Since the 220-volt tungsten lamps have been put on the 
market, we have been installing them in our ships, installing 
them оп the bottom of cranes, and if there is anything that gets 
more vibration and shake than the bottom of a shop crane, it 
will hardly be found on a battleship. 

As regards slate switchboards, I quite agree with the move our 
Government has made in the installation of composition in 
place of slate. 
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There appears to be no more necessity for duplicate dynamo 
rooms than for duplicate engine rooms. We believe that in 
the power plant of the future battleship there will be a number 
of units and a switchboard for supplving power for propelling 
the vessel and for all auxiliaries and lighting. The lighting 
and power for a deck or watertight section would be supplied 
from a common feeder with protective devices only at the ap- 
paratus, thus reducing weight, space and the cutting of bulk- 
heads. All motors would be started either by contactors with 
a master controller or by automatic starter with a push button- 
depending upon the size and use of the motors. Lighting and 
power of each battle unit and indispensable auxiliary, such as 
steering gear, would be supplied by individual storage batteries 
of capacity for battle, thus reducing the size and increasing the 
efficiency of power installation. 

We believe an installation of this character, in any or all of 
its features resembling the solution of the electric power engineer- 
ing problem in large power stations on shore, and having the 
additional reserve for battle conditions at sea, to be not only a 
departure, but a decided advantage in economy, weight and 
space in comparison with any marine installations at the present 
date. Omitting the feature of electric propulsion, 1t is my 
opinion that the present practise can be improved upon by 
combining the dynamo rooms, combining and reducing the 
lighting and power circuits, using automatic starters and in- 
stalling alkaline storage batteries, as previously stated. 

Elmer A. Sperry: Mr. Hornor has given us a valuable paper. 

We find in the last paragraph on page 1564 “ that any gyro 
with only two degrees of freedom, 1.e., free to move in two planes 
only," can be used as a compass. Now that is perfectly true; 
but that compass will only operate on land. When we take 
such a-compass and put it on board ship, where it is subjected 
to all sorts of movements and motions, we encounter many real 
problems. These are due to the fact that the compass must of 
necessity be built pendulous, be supported in a Cardan or gimbal 
mounting, that it 1s subjected to acceleration and retardation 
pressures of the ship on which it is mounted during all sorts of 
manoeuvres and changes of heading of the ship. 

The compasses with which the Argentine battleships are equip- 
ped were purchased in 1910 or 1911 from a German manufac- 
turer and contain one 6-in gyro spinning at about 20,000 rev. 
per min. This was hung pendulous within an annular mercury 
bowl and was found to give serious deflections 1n azimuth, re- 
sulting from acceleration and retardation pressures and move- 
ments of the vessel referred to. No compasses with a single 
gyro wheel have been built by this concern for the past two or 
three years, but they have developed a new and very interesting 
compass containing three gyro wheels set at different angles 
to each other and coupled by certain links and bell-crank levers, 
pitman, etc., all the gyros being provided with centralizing 
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springs, and they have adopted a follow-up system substantially 
similar to the one shown and described in а paper* on this sub- 
ject read before the Institute last June—see Figs. 7 to 15. 

Inasmuch as no representation of this German product has 
been published in our annals, I am showing herewith, Fig. 1, 
a vertical section through the machine, giving a view of two of 
the three gyro wheels, three gyros being located equidistant 
around the circle. Each of these gyro wheels, it is stated, re- 
quires 1.1 amperes per phase at 120 volts, with a three-phase 
alternating current hav.ng a periodicity of 335 per second—in 
all, 3.3 amperes per phase. This is somewhat in excess of three 
times the current required by the American-made machine. 
The combined directive power, or useful function of this three- 
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gyro compass is, however, only about 5/22 of that of the Ameri- 
can-made machine. 

Recent progress in adapting the gyro-compass to battle con- 
ditions has enabled the United States Navy to utilize features 
which do not seem to be present in any other navigation appara- 
tus; among these is the fact that constant corrections which are 
found to be due to speed and course are automatically neutralized, 
giving all readings exactly on the true geographical meridian. 
Moreover, the military value of the apparatus adopted by the 
United States Navy is considerably increased due to the fact 
that it the current supply cables are shot away or the current 
supply ceases for any reason the compass will continue to 
give true meridional readings with a high degree of precision 


“аң. C. Ford, The Electrically Driven Gyroscope in Marine Work, 
PROCEEDINGS A. I. E. E., June, 1914, p. 873. 
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for from one to two hours, instead of immediately initiating 
a wide-angle swing from the meridian. Also, each accelera- 
tion or retardation pressure received by the compass from the 
ship is made to introduce a primary force exactly balancing 
the disturbing factor, which latter is very powerful and would 
otherwise swing the compass away from the meridian. 

The master compass is never used upon the bridge or in апу 
of the major helmsman or steering positions, but is down in 
a position of safety below the water line and protected deck 
of the vessel. Тһе azimuth, however, is required at distant 
points and is supplied bv repeater compasses electrically con- 
nected to the master, reproducing the azimuth to the accuracy 
of a very slight fraction of a degree and with practically zero 
time lag. The American equipment has a unique feature con- 
sisting of means for synchronizing all or апу of the distant re- 
peaters and bringing them into exact harmony with the master, 
rather than trving to do it bv telephone at each individual re- 
peater. | 

Another unique feature is an independent device connected with 
the master compass, giving extremely accurate indications as 
to whether or not the master compass is on the exact meridian. 
Coupled with this is an alarm svstem which gives automatic and 
vigorous notification if for any reason the master compass 1s 
off the meridian even a fraction of a degrce. 

We have heard a great deal about the performance of sub- 
marines in the present war. This performance is all the more 
interesting owing to this being the first opportunity that this 
new form of craft has had to exhibit its powers in actual warfare. 
In this connection a photograph of the entire gvro-compass 
equipment of one such a submarine might be of interest. Fig. 
2 reproduces a photograph of the equipment of the English 
submarine Е-9, which 1s reported to have performed some verv 
startling fcats ncar Cuxhaven at a considerable distance from 
its base, to which base the submarine again safely returned after, 
it is reported, having inflicted considerable damage on the enemy. 
The illustration shows the equipment which had been installed 
some six davs prior to this performance. One of the repeater 
compasses of this equipment is provided with a long flexible 
cable and 15 portable (see Fig. 3), being capable of use in various 
parts of the ship, especially at the discharge valve of the tor- 
pedoes. The great precision with which the exact gvro azimuth 
of all periscopic observations may now be determined and also 
the high degree of precision with which the ship may thereafter 
be directed, gives assurance of accuracy of torpedo fire never 
heretofore attained, and probably unattainable by any other 
means. 

I wish to express my great appreciation of Mr. Hornor’s 
paper, which has gone into so manv interesting details of these 
great ships which America is certainly proud of having built 
for our American neighbors. 
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Н. L. Hibbard: After Mr. Sperry’s gyroscopic oscillations, 
a discussion on some of the other points will perhaps seem rather 
commonplace, but I should like to make a few remarks on some 
of the things which Mr. Hornor outlined. 

On the voltage question, there is, of course, a gain in the size 
of conductors and an appreciable gain in the size of controlling 
apparatus, especially on large auxiliaries, so that, aside from the 
slight objection, perhaps, to the use of as high voltage as this 
on the ship, the advantage seems to be on the side of the higher 
voltage. 

As to the question of the banishment of the slate, it seems 
to me that has been a very good move, because all of us had 
considerable trouble with slate from breakage. When the com- 
pany with which I am associated went to the Navy Department 
a few years ago and asked permission to supply asbestos switch- 
board panels, etc., on battleships, they gave consent very re- 
luctantly, at our risk entirely. They now specify the asbestos 
material, which shows quite a change in opinion. 

As regards electric steering gear, the chief advantages inherent 
in this type of apparatus were outlined pretty fully in my paper* 
presented at the May meeting in New York, it is not necessary 
to go into that further. I should like to ask Mr. Day if I cor- 
rectly understood him to say that the decision as to the use of 
the contactor system on these ships was based on the ground of 
horse power only. Did that decide the matter? 

Mr. Hornor brought up the question of whether or not it is 
of anv real advantage to electrify the anchor windlass, and said 
that the principal advantage is in doing away with the steam 
pipes. That probably is the greatest advantage, doing away 
with the condensation of stcam in those pipes and the weight 
of the piping, and also there is some saving in weight of the 
auxiliary itself. Further an electric motor 15 a better machine 
than a steam engine, and you can put in more power in the 
same space than you can with a steam engine. Тһе steam en- 
gine has to be designed for maximum torque, and sufficient 
strength to develop that torque, while in the motor you have 
an overload capacity available that does not compare with the 
condition in the steam engine. Mr. Hornor said that the 
anchor windlass on the Moreno had onc-half the horse power of 
the steam engine equipment. That is probably a misunder- 
standing. J should lke to ask him what is probablv the horse- 
power of the steam engine equipment. 

One of the speakers made a reference to a dvnamic brake in 
Fig. 16, which I should like to correct. "The brake in the figure 
is a motor disk brake, on which point Mr. Dav will bear me out. 
I also assume there is a dynamic brake in the equipment also. 

With Mr. Pierce, I think that Mr. Hornor's statement in his 
last paragraph ought not to go entirelv unquestioned, to the 


* Electricity the Future Power for Steering Vessels, PROCEEDINGS A.I.E.E., 
Мау, 1914, page 703. . 
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effect that the installation of a number of the auxiliaries in a 
new departure from American practise, particularly in the United 
States navy. As Mr. Pierce has said, on the Russian battle- 
ship constructed in Philadelphia before the Moreno was projected, 
most of these auxiliaries were installed. Also, the United States 
Navy at the time that this battleship was first started certainly 
had under test electric steering gears and had under consideration 
electric anchor windlasses, and long before the Moreno was 
constructed our navy had installations of both. 

B. B. Bierer: There are a few things that I understood Mr. 
Pierce to say that have made me wish to make a few suggestions 
to those who are interested in the subject.» One was the state- 
ment that there is no more use for two dynamo rooms on board 
a ship than there is for two engine rooms. That is correct, 
possibly, but I think there are, as a rule, two engine rooms on 
battleships, and sometimes three. We have tried the one dy- 
namo room proposition and we have gone to two dynamo rooms 
or possibly an additional room for a Diesel engine above water 
for wireless, in case the dvnamo rooms aré submerged. We 
wish to take every precaution against placing the ship entirely 
out of commission. Of course the motive power might be placed 
out of commission with either one or two engine rooms, but that 
would still leave fighting power, provided we had a dynamo 
room in commission, as that is entirely electrically controlled— 
that is, lighting and fighting power and the wireless—and it 
would be a pretty dangerous proposition, even with the motive 
power out of commission, for someone else of at least smaller 
fighting power to come too near. In addition to the use of the 
wireless and power—which is electrical power—the fighting 
power of the ship—of course you can sce verv readily the ad- 
vantages of having a number of means bv which a ship cannot 
be put entirely out of commission. 

I was very much interested in the remarks Mr. Pierce made 
in reference to the question of conduit or armored cable, because 
I have been associated with the use of conduit for a great many 
years, and the advantages that were claimed in the adoption of 
conduit have not been secured in the Navy, although we stuck 
to it for many years. One is water-tightness. That was im- 
possible. Тһе conduit installation was supposed to be water- 
tight, both in itself and where it passed through water-tight 
bulkheads, but in collisions that have occurred, when the com- 
partment іп collision was shut off and pumped out to put a patch 
on, water simply poured into the compartment and it was found 
it came through the conduit—simply had leaked in in streams. 
Now in addition to this leaking in in streams, when the decks 
are washed down and various things of that kind done, moisture 
gets into the conduit. It accumulates a mass of muck and 
` corruption there at the end of a few years, everywhere the 
moisture gets in, and it is almost impossible to keep it out 
anywhere, any time or any place. That breaks down the in- 
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sulation and one prcttv soon finds so manv grounds in the elec- 
trical installation of the ship, that were the ship to be used 
as a fighting machine and require all her electrical power, she 
would be absolutelv unable to come up to the requirements. 

Armored cable absolutely does away with grounds in the 
cable itself. Of course, there may be grounds in the junction 
boxes, connection boxes, and fixtures, but as far as the cable 15 
concerned, unless that is pierced there are no grounds possible. 
The lead around the fibre insulation of the wire itself makes a 
perfectly water-tight seal. Then the mechanical protection— 
the wire braid—is very strong. You can bend that. You сап 
put the end of the cable in a vise and bend it back and forth 
“until the cows come home,” as they sav, and it 15 still as good 
as ever, and the lead itself will break before the wire braid will. 

Now as to the question of induction. We formerly used a 
great deal of what we call open work wiring instead of the con- 
duit, to lessen weight and lessen this mass of pipes running 
around and underneath the beams—dust collectors and vermin 
collectors and having a most unsightly appearance. The ques- 
tion of induction, and wireless and other electric currents from 
one cable to another, was such that a short time—lI don’t mean 
to say a short space of time necessarily, but a short time in the 
life of a battleship—two or three years— will put the electrical 
installation out of commission as far as grounds are concerned. 
It had to be all gone over again every усаг. Where there 15 
any trouble in conduit installation, it means tearing out the whole 
. thing and putting in new. These are points in the consideration 
of conduit and wiring that come up from experience and are 
absolutely necessary to consider. 

We do not have that small kuhlo (concentric) wire in use in 
our service, but it looks verv good to me. It is neat, though a 
little expensive, and it certainly would be extremely desirable 
from a naval viewpoint. 

J. Н. Linnard: The grcat difficulty with the application of 
electricity to the windlass engine 1s the fact that the normal 
condition of a windlass when it 1s being operated 1s to be stalled, 
and vou never know when that is going to happen. It stops at 
the most unexpected times. Now the question is, if you get 
the armature of your motor working at a speed that gives very 
considerable inertia forces how are you going to deal with that 
when the unexpected jam occurs, as it practically alwavs does 
occur, when the anchors are being weighed? I haven’t heard 
how that matter has been dealt with in these recent electrical 
installations for windlass engines, so that I do not feel able to 
speak about the matter. 

I am glad to hear Commander Bierer tell us that conduit has 
been abolished in the later ships of the Navy, because from the 
point of view of a naval constructor it was precisely those diffi- 
culties of the weight and lack of water-tightness of conduit that 
alwavs caused us to be on our knees to the Electrical Department 


7% 


1914] DISCUSSION AT PHILADELPHIA 689 


to abolish it, but at that time they saw so many advantages in 
the use of conduit that they were unwilling to do so. 

W. F. Cochrane: I appreciate the opportunity to join in the 
discussion of this paper, remarkable for its completeness, before 
this society that has done more to enlarge the field of electricity 
than any other organization in this or any other country. In 
fact, I think I may say that a grcat deal of the electrical suprem- 
acy of the American manufacturer is due to this Institute 
through its meetings and its frank and open criticisms. 

Any criticism I may make of the paper that has just been read 
will be from the battle point of view and from the point of ex- 
perience in the practical handling of electrical installations on 
board ship, and not from the standpoint of an expert electrician, 
as my electrical knowledge is limited to the practical handling 
of electrical installations on board ship. 

The keynote of any installation for a battleship should be 
simplicity. If possible, only one voltage should be used on 
the entire ship for all purposes. Тһе number of feeders should 
be reduced to а minimum and all efforts should be turned to- 
wards the one great objective of making the installation as 
simple as possible. Тһе character of electricians available 
makes this element of simplicity imperative. The United States 
Navy has been rightly named “а great educational institution." 
The electricians that we have in the navy are men who enlist 
and have a small amount of experience and knowledge in elec- 
tricity. These men are then sent to an electrical school where 
they receive instruction in the various appliances used on board 
ship. Тһе period of time occupied by this 1s about one year; 
the man 15 then sent to some ship in an inferior position as an 
electrician. From this you can easily see how important the 
item of simplicity becomes in the design of the electrical installa- 
tion of a battleship. 

In the installation just described, I do not consider that 
simplicity has been attained to the extent that it could have 
been. First, in the use of 230 volts, for which a saving 15 
claimed, but which we may seriously doubt, due to the instal- 
lation of transformers to enable the searchlight system to be 
operated at the most advantageous voltage. Iam not іп favor of 
the use of high voltages on board ship unless a grcat saving in 
either weight or cost, or a simphfication of the systems, will result 
therefrom. One disadvantage is that the use of higher voltage 
leads to considerably great liability to insulation troubles. 

The installation of great numbers of protective devices, in 
my opinion, serves no useful purpose. There should not be any 
necessity for a protective device such as a circuit breaker, ex- 
cept at the switchboard. The line itself should require no pro- 
tection. А fuse at the particular piece of apparatus on the line, 
whether it be a motor, indicator or any electrical instrument, 
should be ample protection for this installation. 

In the matter of lighting circuits, we have, in the installation 
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described, two battle lighting circuits, one white and one blue. 
I personally am not in favor of more than one battle lighting 
circuit, although the blue light circuit has its advantage in the 
fact that blue lights can be used in the gun deck compartments 
and will show very little light outside, but there should not be 
any necessity for general lighting around the compartment of a 
broadside gun. -In turrets and in enclosed places, white lights 
are used as they cannot be seen from the outside. The greatest 
protection a battleship can have against submarines and destroy- 
ers operating at night is absolute darkness. The blue light 
circuit may not give much light, but it will certainly be easier 
to discover a battleship with a blue light circuit lighted than 
one with absolutely no light showing. 

In regard to the battle lighting and power circuits of a battle- 
ship, I am heartilv in favor of the use of alkaline storage batteries 
for the battle service. I believe that this is the best solution of 
the many problems confronting the designer of an electrical 
installation on board a battleship, because the storage battery 
can be installed in the turret to operate everything in the turret, 
and then the only possible way to affect the power units of the 
turret would be to put the turret itself out of commission. 

In regard to interior communications, battle lighting, it is : 
much better if operated by a storage battery which can be placed 
in such a position that before it is injured or any of the leads are 
injured, the ship itself will be practically destroyed insofar as 
she is valuable as a fighting unit. We may also say that an 
installation of this kind will save considerable space and sorme 
weight, as it will do away with the requirement of two dynamo 
rooms and it will be possible to place the dynamo room as an 
auxiliary to the engine room, or,combine the two into one power 
plant, in case electric propulsion is adopted for battleships, as 
most of us believe it will be in the near future. It will combine. 
the dynamo room and engine room in one locality that can be 
protected to such an extent that it will be practically impossible 
to injure the installation in any way. 

The design of interior and exterior means of communication 
on a battleship is subjeet to practically constant change, and it 
is believed that these systems will be radically changed in the 
near future, with the advent of an invention to indicate auto- 
matically, in any part of the vessel, the color of smoke emitted 
from the stack, and with the application of the principles in- 
volved in this invention to general methods of interior communi- 
cation іп time of battle. 

To sum up, the electrical equipment of the Argentine battle- 
ship Moreno is the most complete that I have ever seen, although 
I doubt the battle usefulness of a great many features that have 
been installed on board. I think it would be far more creditable 
if the designer had been able to sav, “ we have an installation 
that will produce the same results as the installation that was 
placed іп the last battleship built, and we have only used half 
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the miles of wire and half the fixtures and we only have half 
the number of protective devices and half the number of 
automatic starters and auxiliary instruments.”’ 

Clyde S. McDowell: Mr. Hornor described a method of 
telling the trueness of the searchlight mirror which is known as 
the “ screen test;" it is done bv photographing a reflected image 
of parallel wires or lines. However, this only shows the trueness 
of the grinding, and is not an indication of whether or not the 
mirror is parabolic. In addition to testing for trueness of grinding 
the mirrors should be tested for over-all efficiency. This can be 
done by taking a mirror and placing at the focus a concentrated- 
filament tungsten lamp or other source of light, and, at a distance 
far enough away so that the light varies inversely as the square of 
the distance, measuring Бу photometer across the beam іп 
both directions the actual light received on the distant screen. 
In this method the source of light is known and always the same, 
and a true indication of the value of the mirror is obtained. It 
has been found by tests that one mirror which showed by the 
screen test to be perfectly true in its grinding, put up against 
another mirror which showed marked irregularitiesn grinding,did 
not show as good results iractual illumination, due undoubtedly 
to the structure of the glass, the thickness of the glass, or 
the color of the glass. 

There was a question brought up as to the 220- and 110-volt 
systems on board ship for lighting. We have made numerous 
tests on vibrating platforms and lamps in both horizontal and 
vertical position, both 220- and 110-volt lamps—these platforms 
vibrating at the regular period of vibration of a ship—and іп 
the sizes of higher wattage we find that the 220-volt lamps have 
as long life as the 110-volt lamps. That test is made with the 
lights on half the time and off half the time, so that the regular 
service conditions are obtained. 

On the question of using a balancer set for scarchlights on 220 
volts, that is probably a good engineering wav to cover it, but 
on some of our larger ships we are using 220 volts and have a 
balancer set to take the unbalanced lighting load large enough to 
take in addition the unbalanced load of four searchlights, which 
would be putting the searchlights on the lighting circuit. 

On the question of do'ng away with conduit, one of the reasons 
why conduit has proved unsuccessful on board ship, especially 
in the fire rooms and engine rooms, has been the condensation 
in the conduit, irrespective of whether 1t was water-tight or not. 
The great changes in temperature that take place, cause the 
conduit to fill up with water. 

Maxwell W. Day: A remark was made about the desirability 
of having the dynamo plant independent of the propelling 
machinery. This has just been illustrated in a recent naval 
battle, where the steam p:pe of one of the German destroyers 
was shot in two, and the boat was seen to be enveloped in a 
cloud of steam, but frequent puffs of the gun were seen through 
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it. Of course this was not an electrically operated gun, being 
only 33 inches, but it showed that the battery could be continued 
in action after the propelling machinery is out of order. It 
seems to me that.one of the best ways to promote the indepen- 
dence of the dynamo plant is to bring into more extensive use 
oil-engine driven sets. 

Naval Constructor Linnard spoke of the way of taking care 
of the anchor windlass 1n weighing the anchor, where the engine 
simply would slow down and stop. Ап ordinary control equip- 
ment of clectric motors would naturally blow the circuit breaker. 
As mentioned in Mr. Hornor's paper, a step-back relay is pro- 
vided, which will open some of the secondary connections of the 
accelerating contactors, and reinsert a certain amount of resis- 
tance in the armature circuit. This will allow the armature to 
reccive about 1} times full-load current, or, of course, it can be 
adjusted for any other desired valuc. This was tested on the 
Rivadavia by setting the brake on the wildcat and screwing it 
down until it became sufficient to trip this step-back relay, 
when the motor stopped, and the current amounted to about 
25 per cent overload. 

Mr. Hibbard asked if we determined our recommendation 
for contactors solely on the horse power. It is primarily dh 
current capacity, which would be also according to horse power, 
assuming voltage unchanged, and we have felt that in very large 
sizes frequent operation of the contactors successfully 16 
quite a serious problem, and therefore we recommend the varı- 
able-voltage system for large units; but with only 150 h.p., 
and where 220 volts is used, as here, it brings it within the class 
of moderate-sized equ.pments. 

Mention has been made of the disk brake on the steering gear 
motor, shown in Fig. 16. "This brake is quite small, because we 
depend principally оп the dynamic brake itself to stop the arma- 
ture, or begin the stopping of it. The disk brake, which is 
a little slower ‘п action, finishes the work, and holds the armature 
in a state of rest. | 

Іп regard to the material for switchboard and control panels, 
what is used for this purpose is ebony asbestos wood, called by 
some, asbestos lumber impregnated. It takes a fine polish, 
has very much the appearance of slate, and is preferable, I think, 
to what ordinarilv goes by the name of asbestos lumber. 

L.C.Porter: The chief difficulty in making 220-volt tungsten 
lamps is with the arcing. Where the leading-in wires come 
out of the stem, the currentis apt to jump across. Considerable 
improvement has been made in this respect since the first lamps 
were put out, but at present the 220-volt lamps are not so free 
from arcs as the 110-volt, though the percentage of arcs is rela- 
tively small. Another difficulty encountered with the 220-volt 
lamp is what we call “ locking " of the filaments. This consists 
of the filaments jarring together and short-circuiting a section, 
thus considerably shortening the life of the lamp. 
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The efficiency of the 220-volt lamp is also somewhat lower 
than that of the corresponding 110-volt lamp. For example, 
the 25-watt 110-volt lamp operates at 1.05 watts per candle; 
while the 25-watt 220-volt lamp operates at 1.2 watts per candle. 

There are two types of filament construction used in the 
220-volt lamps. In the regular pear-shaped bulb, with which 
you are all familiar, we use simply a straight wire filament. 
That filament is shaped on a form before it is placed in the lamp. 
It is also mounted on flexible anchots, which make the lamp 
mechanically just as strong as the 110-volt lamp. In the round 
bulb, and in the tubular bulb, in order to get the filament in 
the small bulb, we have to wind the filament into a helix and 
then mount it, which again lowers the efficiency of the lamp by 
cooling the filament at the anchors. In these lamps 1.06 watts 
per candle is the lowest specific consumption that we are able to 
obtain. Life tests on the 220-volt lamps of 25-, 40- or 60-watt 
sizes, under laboratory conditions, have shown that we obtain 
2000 hours’ life out of the straight filament and from 1200 to 1800 
out of the coiled filament. 

The tests which we have made on the lamps at the laboratory 
consist of vibration tests and bumper tests. Тһе bumper test 
is made in this manner: We have an inclined board, at the end 
of which a lamp is hung on a piece of lamp cord. Тһе board 
is graduated in inches and a round ball, weigh тір 110 grams, is 
rolled down this board, which has an elevation of 115 deg. 
The ball is allowed to bump against the lamps, both cold and 
burning. Of course, lamps when burning are not quite so brittle 
ав when cold, because the filament is softer when it is hot. 
Often with the lamps burning we can roll this ball from 40 to 
60 in. against the lamp before the filament breaks, and that is’ 
just as far as we are able to roll it with the 110-volt lamps. 
In other words, the filament 1s mechanically as strong as the 
110-volt lamp filament. 

The vibration test is made upon a wheel with arms on it 
(similar to the spokes of a wheel), and the lamps are mounted 
at the ends of the arms. There is a series of cogs over which 
these arms pass. This whcel is revolved over the cogs at various 
speeds, with a little spring under each arm to pull it down, giving 
it а verv severe vibration; in fact, we can get almost any vibra- 
поп that we want. Оп that wheel І have seen as severe a vi- 
bration as is obtained on battleships under operating conditions. 
I have been aboard some of the ships during target practise, full- 
power run and a few other severe trials, and feel that 1n this test 
we give the lamps just as severe treatment as they obtain on the 
ships in actual service. However as I stated before, the trouble 
is not mechanical breakage, but locking of the filaments, which 
shortens the life. 

It seems to me, therefore, that if there is a decided call for 
the 220-volt lamps, there nced be no hesitation in installing them 
on the ships. Of course, it is a harder lamp to make, is more 
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expensive, and is not made in such large quantities as the 110- 
volt lamps. For these reasons, from the lamp manufacturer’s 
standpoint, we should prefer to furnish the 110-volt lamp, be- 
cause it is a lamp with which we have had a great deal of ex- 
perience. We have not had the 220-volt lamps under service 
conditions in any great numbers, and before being absolutely 
sure that they will be satisfactory, the most I can say is that we 
would suggest that, if possible, the same arrangement be made 
as was made with the 110-volt lamps; namely, that about 2000 
lamps be put on a ship and tested іп service. This, it seems to 
me, is the only sure trial which will absolutely prove the merit 
of the 220-volt lamp. | 

H. A. Ногпог: І should like to explain an evident misinter- 
pretation of the last paragraph of mv paper. The various appli- 
cations therein referred to constitute departures from American 
practise at the time the contract for the Moreno was signed 
Manv of these applications were in an expcrimental stage at 
that time, and during the five years of construction of the 
Moreno naturally these applications have become requirements. 
As an illustration of this, the United States battleships Arkansas 
апа Wyomine were not equipped with electric bilge pumps, 
electric steering gear; and electric anchor windlass; whereas the 
United States battleships Texas and New York were equipped 
with electric steering and electric bilge pumps but not electric 
anchor windlass. The later United States battleships are 
to be equipped with all these outfits. I did not intend my re- 
marks to сопхеу the impression that I was comparing previous 
foreign war vessels built in this country. 

The horse power of the electric anchor windlass on the Moreno 
is a little less than } the horse power required of the steam 
equipment. It is to be noted that one anchor was raised in 
about 60 fathoms of water by this equipment using about 35 
horse power after the anchor had “ broken away." 
| I believe that there are many advantages іп the use of 230 

volts for such installations. I have heard it stated that some 
nations were considering the advisability of increasing the voltage 
to 500. If proper insulation is provided and all questions of 
detail carcfullv looked after, I see no reason why 230 volts should 
give any more trouble than the present 125-volt system. In 
this connection I was glad to hear the remarks on the compara- 
tive merits of the 220-volt tungsten lamp. On the ground of 
simplicity of installation, the use of this voltage would be pre- 
ferable to the complications that would ensue from a system 
of double voltages. In view of the fact that the power load 15 
now by far the greatest in point of importance it would seem 
preferable to design the installation so as to satisfy this demand 
first. Тһе scarchlights could very well be taken care of by rotary 
balancer sets in order to do away with the difficulties involved 
in large permanent rheostats. Such apparatus when tested on 
the Moreno gave unqualified satisfaction. 
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Annual Meeting ofthe A.I.E.E. 
New York, May 18, 1915 


che 309th meeting of the American 
iv titute of Electrical Engineers will 
held in the Auditorium of the En- 
. reering Societies Building, 33 West 
“ch Street, New York, on Tuesday, 
Асау 18, at 8:15 p.m. This is the 
es ular annual business meeting of 
Institute, at which the Board of 
:STeCtors will present its report for 
t « fiscal year ending April 30, 1915. 
( pies of the report will be distributed 
'( will include a detailed statement 
the financial status of the Institute 
- l a summary of the work accom- 
rushed by the standing and special 
© mmittees during the year. The Com- 
mittee of Tellers will present its report 
er the result of the election of otlicers 
'" the coming administrative year. 
"ollowing the business mecting will 
^ the presentation of the Edison 
‘edal to Dr. Aléxander Graham Bell. 
‘ie presentation address will be made 
Mr. John J. Carty, chief engineer 
the American Telephone and Tele- 
»"Aph Company. 


INSTITUTE AFFAIRS 


107 


Ап address will then be given on 
" Ном" Bell Invented the Telephone,” 
by Mr. Thomas A. W иѕоп, who was 
associated. with. Dr. Bell in the early 
development of the telephone. Mem- 
bers of the New York Telephone So- 
ciety are invited to attend this meet- 
ing, and as the subject is one of general 
interest, ladies will be cordially welcome. 


A. I. E. E. Annual Convention 


The Convention Committee appointed 
by President Lincoln to arrange the de- 
tails of the Annual Convention at Deer 
Park has been active during, the past 
month, and as the result of its activi- 
ties the Deer Park Convention promises 
to be a most enjoyable one in every 
respect. Тһе technical and entertain- 
ment programs have been nicely bal- 
anced in order that the convention 
will prove both profitable and enjov- 
able to all who attend. 

Deer Park, located on the crest of 
the Alleghanies on the main line of the 
Baltimore and Ohio, has been well 
known as a summer resort for a half 
century. [ts climate in the summer is 
ideal, being cool enough for blankets 
every night. The hotel is an old- 
fashioned rambling structure, with ad- 
jacent annexes and wide porches, but 
everything is comfortable and the ser- 
vice is excellent. The building is 
situated in the inidst of a large well 
kept lawn, backed up by virgin forests, 
with golf links, bowling allevs, tennis 
courts, baseball grounds, swimming 
pools, beautiful walks and drives, all 
at the free service of our members and 
guests. 

The Baltimore and Ohio Railroad 
will provide fine train service from all 
important centers, as will be seen from 
the train schedule published below. 

'The hotel 1s capable of accommodat- 
ing 300 people comfortably, and any 
reasonable number in excess can be ac- 
commodated in some of the big cottages 
grouped about the hotel. In addition 
to this, Mountain Lake Park and Oak- 
land are near enough to be utilized as 
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Trains 55, 1 and 3 have through Pullman cars from New York, Philadelphia, Baltimore and Was: 


ington to Deer Park Hotel. 


Train No. 11 has through Pullman car from Baltimore to Deer Park Hotel, but connects at Wi. 
ington with the “ Royal Limited” from New York and Philadelphia. 
Trains Nos. 2, and 12 have through sleeping cars from St. Louis and Cincinnati to Deer Park Нс, 


and Train No. 2 has through slecping car from Louisville to Deer Park Hotel. 


Train No. 4 has thro: - 


sleeping cars from Cincinnati to Deer Park Hotel. 
Trains Nos. 8, 6, 10 and 16 from Chicago and Pittsburgh make connections at Cumberland w 
trains to Deer Park Hotel as per schedule, change of cars at Cumberland being necessary. 


Train No. 2 has through sleeping car from Columbus.and Whecling to Decr Park Hotel. = 
RAILROAD FARES 


PULLMAN FARES 


One-Way Round-trip Lower-Berth Drawing Ro n 
New Ұогк............... $11.09 $17.00 $2.50 $9.00 
Philadelphia......... .... 8.84 13.00 2.25 8.00 
Раиппогеры; wer аз 6.44 9.00 1.20 6.00 
Washington ............. 6.01 8.00 1.50 6.00 
Pittsburgh............... *5.43 7.95 2.00 7.00 
Pittsburgh............... 15.70 
Cincinnati............... 9.83 12.75 2.00 7.00 
St; Louisi eos ГТ ТЕР 19.90 27.15 4.00 14.00 
CHiOdgUL.loscobctX Behe es es 14.69 22.80 3.50 13.00 
Büffdlo; i3 E бастын 10.12 17.35 No through Pullman servit 
Cleveland... ............ 7.29 11.70 М " “ xs 
Detroit, (eel raw Р 11.07 17.55 " " Е Ж 
*— Via Cumberland. 
T—Via Connelisv:lle ог Wheeling. 
NorE: From Atlanta, the Southern Railway round trip rate to Deer Park is $30.25. Southern 
Railway train No. 38 leaves Atlanta 12:05 p. m., arriving at Washington 7:45 a. m.; train No. 30 


leaves Atlanta 2:25 p. m., arriving at Washington 10:40 a. m. 


from Washington to Deer Park. 


PanamaePacific Convention 


Arrangements for the Panama- Pacific 
Convention which were outlined in the 
April issue of the PROCEEDINGS are pro- 
gressing rapidly at the hands of the 
general convention committee. The 
subdivision of the work of this com- 
mittee has been decided upon as follows: 

W. W. Briggs, hotels and hotel ar- 
rangements. 

A. H. Babcock and A. M. 
papers. 

H. A. Lardner, meetings and halls. 

J. T. Whittlesey and C. J. Wilson, 
entertainment. 

A. G. Jones, secretary. 

C. L. Cory, publicity. 

А general circular was mailed under 
date of March 22, by the Joint Com- 
mittee in Charge of Transportation, to 
all members of the A. I. E. E. and the 
other societies concerned, giving in- 
formation on transportation, hotel rates, 
ete., in connection with the Interna- 
tional Engineering Congress, апа the 
conventions of the A. S. С.Е, A. I. M. 
E., А. 5. M. E. and A. I. E. Е. 


Hunt, 


See table above for connections 


The matters of entertainment and 
tours in connection with the Panama- 
Pacific Convention of the A. I. E. Е. 
and the International Engineering Con- 
gress have been taken up by a com- 
mittee representing the Congress and 
all of the engineering societies con- 
cerned, and a schedule is being pre- 
pared setting forth a number of trips 
of interest that can be made by mem- 
bers attending these meetings. Further 
reference to these trips will be made in 
future issucs of the PROCEEDINGS. 


Section Delegates to Annual 
Convention 


AMENDMENT TO .iv-' 
At the conference of о боп 1%. 
gates during the Detr | к ж, 
last June, a resolution «fe С it- 
questing the Board of Directors toe to 
sider a revision of the ©: ns 

as to incorporate there! : 


pla 


үза E 
б er 


functions and duties wh the сш, 
Delegates attending et cat 7c 057 
tions. 

This action was brov, tote c= as 
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tention of the Board of Directors on 
August 11, 1014, and was referred to 
the Sections Committee, with the sug- 
gestion that on account of the long 
process and time required to conform 
to the legal procedure of amending the 
Constitution, consideration be given 
to the possibility of carrying out the 
recommendation of the Delegates by 
amending the By-laws. 

Chairman Hornor of the Sections 
Committeecommunicated with thechair- 
men of all Sections and the other mem- 
hers of his committee on this subiect, 
under date of November 9, 1914, invit- 
ing suggestions on a proposed by-law 
to cover the matter. 

Based upon the comments and sug- 
gestions received by Mr. Hornor, a 
draft of a proposed amendment to the 
by-laws was prepared, embodving sug- 
gestions received, which related to the 
duties of Section Delegates and which 
were in accordance with the Constitu- 
tion of the Institute. 


This by-law was adopted bv the 
Board of Directors of the Institute at 
its meeting held April 9, and reads as 
follows: 


“бес. 60-А. SECTION DELEGATES. The 
principal functions and duties of the 
Section Delegates attending the annual 
convention, as provided in Sec. 70 of 
the Constitution, shall be as follows: 


“ (a) To attend such meetings of 
the Sections Committee as may be held 
during the convention. 


“ (b) To exchange views and experi- 
ence in connection with Section activi- 
ties and management and to make 
recommendations of an advisory nature 
upon such matters to the Board of 
Directors. (Const. Sec. 54). 


“ (с) To exchange and discuss ideas 
regarding subjects for inclusion іп 
technical programs of future Section 
meetings. 


“ (d) To advise the Chairman of the 
Sections Committee at least sixty days 
in advance of the convention of ques- 
tions of interest to the Institute Sec- 
tions which. in their opinion, should be 
discussed by the Delegates at the meet- 
ings of the Sections Committce during 
the convention. Тһе Chairman of the 
Sections Committee shall appoint a 
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sub-committee of three, who with the 
chairman, ex-officio, shall prepare, in 
advance of the convention, a program 
of such questions for discussion. 


“ (e) Past-chairmen or chairmen- 
elect of Sections, if in attendance at 
the convention, will be privileged to 
attend all meetings of the Sections 
Committee, but each Section will be 
entitled to one vote only, which shall 
be cast by the Chairman of the Sec- 
tion or other official delegate." 


United Engineering Society 
Condensed Financial 
Statement for the 
Year 1914 


The statement of assets and habilities 
presented herewith, shows the financial 
condition of the Society on December 
31, 1914, at which time the Society 
had in addition to the value of its real 
estate, the following funds: 


In the Depreciation and Renewal 

Fund (to provide against the grad- 

ual disappearance of the Society's 

ASSCUS) ao ОТЫ ieee $51,441.39 
In the General Reserve Fund....... 10,000.00 
and a Surplusof................... 9,243.17 


this surplus being made up of— 


Cash and current accts. 9....7554.42 
Surplus invested in library 


The amount expended for furniturc 
and fixtures during 1914 was $671.62. 
In accordance with a resolution of the 
Trustees, the expenditures for furniture 
and fixtures are no longer carried as 
assets. 

The total revenue from all sources 
was $59,054.77. 

The total of expenditures was $50,- 
715.40, a difference of $8339.37, which 
sum is not sufficient to mcet the annual 
requirement of $10,000.00 which should 
be placed in the Depreciation and Re- 
newal Fund. : 

The principal of the mortgage held 
by Andrew Carnegie, Esquire, on 
the land, amounting originally to 
$540,000.00, has been reduced by pay- 
ments during the year of $29,000.00 by 
the American Institute of Mining 
Engineers. On December 31, 1914, 
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the balances due from the Founder 
Societies were as follows: 


American Institute of Electrical Engi- 


NECKS pr" oa areas p TP $54,000.00 
American Institute of Mining Engi- 
ПЕЕТЕс оу WO PT AER CE 5,000.00 


This last mentioned amount was paid 
in January, 1915, so that the American 
Institute of Mining Engineers and the 
American Society of Mechanical En- 
gineers have paid the full amount of 
their land indebtedness. 

The Trustees, by appropriate resolu- 
tions, have established a General Re- 
serve Fund of $10,000.00 which is not 
assigned to anv specific purpose, but 
is to meet fluctuations in income and 
disbursements; also a Depreciation and 
Renewal Fund to provide against the 
gradual disappearance of the Society's 
assets. The sum of $50,000.00 has been 
placed in this Fund and, by resolution, 
the sum of $10,000.00 per annum is to 
be added to it, as well as all interest 
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earned by the fund. It amounted c> 
December 31, 1914, to $51,441.39. 

Of the above-mentioned funds, tl. 
sum of $39,863.75 had been invested с 
December 31 іп interest-bearing s- 
curities. А further investment of ap- 
proximately $18,000.00 was made i. 
January, 1915. 

The Trustees have appointed a trus: 
company to be the custodian of th: 
Society’s invested securities. 

An expenditure of $5,814.00 was mad. 
during the year for additions and alterz 
tions on the sixth floor of the building 
The additional space thus acquired 1: 
used largely for storage rooms. 

On December 31, 1914, there was n 
unoccupied office space in tbe building. 
Seventeen associate societies now have 
their headquarters in the building. 

The record of the number of times the 
rooms were used during 1914 for meet- 
ings or lectures—not for office occu- 
pancy—is as follows: 


Number of times occupied 


Meeting Room 1913 1914 Change 
Auditorium 3rd and 4th floors ............... 69 76 7 more 
No. 1 Assembly Room Sth Boor voii o We атын 56 58 25 

«2 “ 4 МЫ РЕНТИ. 129 94 35 less 

* 9 a Ж ПІН” зарары 101 46 55 °“ 

“ 5 Lecture “ Gti 9 рне 10 0 10 “ 

* 8 “ “ бї Б аан 20 0 20 * 
Assembly Room 1201 tE S sik D RSV 18 53 35 more 
Committce room(offFoyer)lst * — ............... 10 18 8 “ 

ЖӨКЕ Mo КОО КОКО ККК ССГ 413 345 68 less 
During (һеусат 1014 there wereadded the year. Correspondence has come 


to the Library of the three Founder 
Societies and the United Engineering 
Society 3,616 volumes and pamphlets, 
of which 1,142 volumes and pamphlets 
were purchased at a cost of $3,153.20. 
The total number of books and 
pamphlets at the end of the year was 
57,561. 

The attendance during the year was 
13,512 as compared with 11,091 during 
1913, an increase of 2,421. 

There were 198 searches made during 


from all over the world, " 

tions are of great variety. 500.06 or- 
dred photographic repre: +) c 

been made and sent oui 
1200 reference question. >. â e te 
answered at the desk. 

The Library receives = o too; 
periodicals which аге ау 1 : c usi 
indexes for research purp 

Respectfully 
JOSEPH - t t c >, 
Treasurer. 


> 1 
95 ' 
(boi s. tu 
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: UNITED ENGINEERING SOCIETY 
STATEMENT OF ASSETS AND LIABILITIES Ë 
DECEMBER 31, 1914. 
ASSETS 

Original cost Чана денине be Be зы ожа $540,000.00 

Preliminary expbnses..2.2/ 4 9 pv ok дик qip xw SEI T E eas 24,000. 00 
---- £564,000. 00 

Expended on building —Carnegic дЇЇЇ............................. 1.050.000 00 

u u « —Founders contributions.................... 10,039.85 

ж €“ —from U. E. S.income...................... 23,131.31 
1,083,171.16 
TOTAL. cost of real estate to Чаїе....................................2............. $1,647 171.16 
Unexpired: InsuraätCe 2 а Beaded ones қара PASCI a Жарир eee dU coa dw o Rosi SURE 3,333.10 
Accounts receivables eoru EE hee ae ae he CERES Sa NAE GE Eb жоко SER Ro PEE NE 5,032.30 
Invested in librat DOKS uso un qu Qu Sulu ЕКЕ КУ ара ENERO EG RE Ed ES WU Qa ape 1,688.75 
Bond invest ments at Costs c Oe sc pe RORIS dere Y mars es АШЫР ER 39,863.75 
Cas Docteur do estesa Г aes A ceto ЫҒЫСА RI Ma АТС КЕЛ ЛГ ЫЫ ЕЕЕ 24,546. 22 
š $1,721,635. 28 

LIABILITIES: 
Equity of Founders in ргорсг{у................................... $1,624,039, 85 
Less indebtedness of Еочпдегв.................................... 59,000.00 


Investment of U. E. S. in building from income... 


Land іпдеМейпев............................ 


Due to the Depreciation and Renewal Fund...... 
Due the General Reserve Ейпа................. 
Accounts payable............................. 


Correct: 


* з а s q э * < э ө а * $9 eevee 


. ғ ө s s @ e 9 w P < e 9 9 * a * e» ғ € s е e * +€ ө аэ » э $ * Ó 


ee о э э * т 9 9 е «е $ ө q 9 = ө ee se э s э ө à» à е э «= э 


* =< э s ө $ * bt e s ө à ө е э 9 э э 9 q э э » 9 з э ое * * э э 


e 9 e e в s s a s s * 9 9 *? ө эе е 9 


. a 5 e э е + ө 9? 9 s ө е 9 э ә аэ ә э ө * à э е е ө * à з 9 а «= 


%1,565,039. 85 
23,131.31 

$1,588,171.16 
59,000.00 


9,243. 17 


81,721,635.28 


CHARLES F. RAND 
JEss& M. SMITH 
H. H. BARNES, JR. 


Revision of Constitution— 
Notice to Membership 


At the meeting of the Board of Direc- 
tors of the [nstitute held April 9, 1915, 
the following resolutions were adopted: 


'" Resolved, that it is the sense of this Board 
that a committee to consider revision of the 
Institute Constitution should be appointed 
early in the next administrative year, which 
begins August 1, 1915, and, further 

“ Resolved, that the attention of the Institute 


Finance Committee. 


membership be called, by publication of these 
resolutions in the monthly Institute PROCEED- 
INGS, to the probability of action next year 
toward a revision of the Institute Constitution, 
and that the membership be hereby requested 
to submit, through the Secretary, suggcstions 
for amendments to the present Constitution of 
the Institute, so that these suggestions may re- 
ceive prompt consideration by the 
Committee, when appointed.” 


Revision 


A copy of the present Constitution 
may be obtained upon application to 
the Secretary. 
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А.І. E. E. Specification for 
Testing High-Tension Porce- 
е lain Line Insulators 


During the last three years the sub- 
ject of the inspection and test of high- 
tension porcelain line insulators has 
been under discussion by the A. I. E. E. 
The need of more uniformity in the com- 
mercial testing practise on such insu- 
lators has long been manifest and the 
very erratic behavior of insulators on 


several of our important lines has 
indicated а need fer more scarch- 
ing tests. Ав a result of the 


consideration of these questions bv 
various Institute committees during 
this period a specification has been 
drawn up by the present Transmission 
Committee which 15 intended to serve 
as a model or skeleton specification 
covering the inspection and testing of 
high-tension line insulators. 

With the authorization of the Bcard 
of Directors this specification has been 
approved and recommended by the 
Transmission Committee and copies are 
now available on application to the 
Secretary of the A. I. E. E. 

The Specification, which 1s entitled, 
‘Provisional Specification covering 
Inspection and Test of High-Tension 
Line Insulators of Porcelain for Over 
25,000 Volts" is printed elsewhere in 
this issue of the PROCEEDINGS. 

This specification dces not include 
specific instructions covering the very 
important subject of impact or high- 
frequency testing, as this subject is 
not yet considered sufficiently well 
standardized. It is expected, however, 
that the specification will be added to 
апа amendcd from time to time to keep 
it closely in touch with the best practise. 


Appointments to International 
jury of Awards, Panama- 
Pacific Exposition 


Announcement has been made of the 
appointment by President Moore of the 
Panama-Pacific Exposition, San Fran- 
cisco, of the following men to serve on 
the electrical division of the Interna- 
tional Jury of Awards: Messrs. Allen H. 
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Babcock and Guy L. Bayley of San 
Francisco, George А. Damon of Los 
Angeles and Throop College of Tech- 
поіору, Pasadena, Arthur H. НаПогап 
of San Francisco, Dr. Carl Hering of 
Philadelphia, Professor Cyril M. Jansky 
of the University of Wisconsin, Profes- 
sor Vladimir Karapetoff of Cornell 
University, William Н. Onken, Jr., 
of New York, Cecil P. Poole of Atlanta. 
Professor Harris J. Ryan of Leland 
Stanford, Jr., University, Нопогагу 
Vice-President of the A. I. E. E., and 
Dr. Frank A. Wolff of Washington, D, 
C. АП of these men are members of the 
Institute. This 1s not a complete list 
of the electrical division of the Jury of 
Awards, as several appointments are 
still in doubt. 


Cleveland Meeting of the 
Institute, March 18-19, 1915 


The 306th meeting of the Institute 
was held March 18 and 19, 1915, in 
Cleveland, Ohio, at the Hollenden 
Hotel, under the auspices of the In- 
dustrial Power Committee апа the 
Cleveland Section. The registration of 
attendance reached 309, of which num- 
ber 27 were from outside of Оһо. 

The meeting was called to order 
promptly at 9:30 on Thursday morn- 
ing, March 18, by Mr. Howard Dingle, 
chairman of the Cleveland Section. 
An address of welcome to the member: 
and their guests was made by Dr 
Cooley, representing Mayor Baker, anc 
then President P. M. Lincoln took the 
chair. The first two papers on the 
program were presented at the mornin; 
session. During the remaining technica 
sessions the papers were presented anc 
discussed in accordance with the progran 
published in the March PROCEEDINGS 


On Thursday noon a joint luncheor, 
was held with the Electrical League o' 
Mr. С. 


Cleveland, with 180 present. 
E. Miller presided, and Mr. Samuel G 


McMeen, president of the Ohio Stau ; 


Telephone Company and of the Col. 
umbus Railway and Light Company 
made the principal address. 


Mon 
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Тһе afternoon was devoted to inspec- 
tion tours to the National Electric Lamp 
Works of the General Electric Company, 
the Cleveland Electric Illuminating 
Company's Lake Shore station, and 
the Municipal Electric Lighting sta- 
tion. Mr. C. J. Pagano made the ar- 
rangements for these inspection trips. 

The banquet was held on Thursday 
evening, in the assembly hall of the 
Hollenden Hotel Mr. H. J. Davies, 
secretary and treasurer of the Cleve- 
land Railway, was toastmaster, and the 
other speakers were Chairman D. B. 
Rushmore of the Industrial Power Com- 
mittee, Dr. Charles S. Howe, president 
of the Case School of Applied Science, 
whose subject was ‘ Scientific Re- 
search," President P. M. Lincoln of 
the Institute, and Mr. Samuel С. Mce- 
Meen. Тһе success of the banquet 
was largely due to the efforts of Mr. 
C. S. Powell, chairman of the banquet 
committee, and Mr. Dingle, chairman 
of the Cleveland Section. 

Friday was devoted to the presenta- 
tion and discussion of the remaining four 
papers, in morning and afternoon ses- 
sions. | 

The large attendance at the meeting 
was in great measure the result of the 
efforts of Mr. Evan J. Edwards, chair- 
man of the committee on Membership 
Acquaintance and Attendance, and Mr. 
H. L. Wallau of the Cleveland Electric 
Illuminating Company. Others who were 
active in the work of organizing the 
meeting were Professor H. B. Dates 
and Messrs. W. M. Skiff, L. P. Crecelius, 
R. E. Scovel, Maurice Converse, A. 
P. Lewis and E. H. Martindale. Тһе 
Industrial Power Committee has three 
members in Cleveland— Messrs. А. C. 
Eastwood, J. C. Lincoln and E. H. 
Martindale. 


Meeting of the A. I. E. E in New 
York, April 9, 1915 


, [he 307th meeting of the Institute 
was held Friday, April 9, 1915, on the 
fifth floor of the Engineering Societies 
Building, beginning at 8:25 p.m. 
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President Paul M. Lincoln called the ` 
meeting to order, and said that as the 
paper of the evening had been contri- 
buted through the agency of the Elec- 
trophysics Committee, he would call 
on Dr. John B. Whitehead, the chair- 
man of that committee, for an intro- 
ductorv address. Dr. Whitehead called 
attention to the fact that the Institute 
of Radio Engineers had been invited 
to participate in the meeting, and that 
many of the members of that socicty 
were present. 

President Lincoln then called on Mr. 
L. F. Fuller to present his paper, Coz- 
tinuous Waves іп Long-Distance Radio 
Telegraphy. "Those who discussed the 
paper were Messrs. Alfred М. Gold- 
smith, J. Zenneck, Lee de Forest, A. J. 
Hepburn, E. F. W. Alexanderson, G. 
H. Clark, and L. H. Fuller. 

After the close of the technical ses- 
sion, a smoker was held in the adjoin 
ing room. 


Pittsburgh Meeting of the 
Institute, April 15-16, 1915 


The 308th meeting of the Institute 
was held in Pittsburgh, at the Fort 
Pitt Hotel, on April 15 апа 16, 1915, 
with a technical program of seven pa- 
pers, presented under the auspices of 
the Industrial Power Committee іп co- 
operation with the Pittsburgh Section. 
The total registration for this meeting 
was 216. 

The meeting was opened 9:30 a.m. 
on Thursday, April 15, by Mr. J. W. 
Welsh, chairman of the Pittsburgh 
Section, and introductory addresses 
were made by Chairman D. B. Rush- 
more of the Industrial Power Com- 
mittee and President P. M. Lincoln. 
The papers were presented in accord- 
ance with the program published іп 
the April PROCEEDINGS. 

On Thursday a joint luncheon was 
held with the Pittsburgh Jovians, at 
which 139 were present. Ап address 
was delivered by Morris Knowles of 
Pittsburgh оп “ The Civic Responsi- 
bilities of the Engineer." 
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Thursday evening 68 members and 
guests attended ап informal dinner, 
at which addresses were made Бу 
President. Lincoln апа Dr. John А. 
Brashear, whose subject “ Rem- 
iniscences of Scientific Discoveries.” 
At the close of Dr. Brashear’s talk 55 
of the visitors and local members at- 
tended the theater in a bodv. Оп 
Friday, 42 members participated іп an 
[Institute luncheon. 


Was 


Directors’ Meeting, New York, 
April 9, 1915 


The regular monthly meeting of 
the Рсага of Directors of the Institute 
was held іп New York on Friday, 
April 9, 1915, at 3:30 p.m. 

There were present: President P. 
M. Lincoln, Pittsburgh, Ра.; Past- 
Presidents Ralph D. Mershon and C. 
O. Mailloux, New York; Vice-Presi- 
dents H. H. Parnes, Jr., and C. E. 
Scribner, New York, Farley Osgood, 
Newark, N. J.; Managers Comfort A. 
Adams, Cambridge, Mass., J. Frank- 
lin Stevens, Philadelphia, Pa., В. 4. 
Behrend, Boston, Mass., І. Т. Robin- 
son, Schenectady, N. Y., Frederick 
Bedell, Ithaca, N. Y., A. S. McAllister, 
New York, John H. Finney, Wash- 
ington, D. С.; Treasurer George А. 
Hamilton, Elizabeth, N. J., and Sec- 
retary F. L. Hutchinson, New York. 

The Secretary announced the fol- 
lowing additional committee appoint- 
ments made by President Lincoln 
since the last meeting: Special Com- 
mittee on Hazards from Lightning: 
Messrs. Elihu Thomson, Chairman, A. 
E. Kennelly, Secretary," Comfort A. 
Adams, Louis Bell, Dugald C. Jackson. 

President Lincoln also appointed Mr. 
S. G. МеМееп a member of the Edison 
Medal Committee to fill the unexpired 
term of Mr. H. Ward Leonard, de- 
ceased. This appointment was con- 
firmed by the Board as required under 
the Edison Medal Committee's by-laws. 

Mr. John W. Kirkland of Johannes- 


burg, South Africa, was appointed 
Local Honorary Secretary for South 
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Africa, for the term ending July 3 
1916. 

The action of the Finance Committe 
in approving monthly bills amountin 
to $8,868.73 was ratified. 

Upon the recommendation of th 
Meetings and Papers Committee, av 
thority was granted to hold an Inst: 
Ра., 0 
October 11, 1915, under the auspice 
of the Philadelrhia Section; also a: 
Institute meeting at St. Louis, Mo. 
under the auspices of the St. Louw 
Section. Тһе exact date of this meet 
ing is to be determined later. 

Upon the recommendation of th: 
Board of Examiners, the Board о 
Directors transferred three Associates 
to the grade of Member, elected хіх 
applicants as Members and 59 as As- 
sociates, and ordered the enrolment of 
13 students, in accordance with the lists 
printed in this issue of the PROCEED- 
INGS. 

А considerable amount of other busi- 
ness was transacted by the Board, re- 
ference to which will be found under 
appropriate headings in this and future 
issues of the PROCEEDINGS. 


Past Section Meetings 


Baltimore.— March 26, 1915. Phvsical 
Laboratorv, Johns Hopkins University. 
Subiect: Electric Railways. Paper: 
“ Car Operation," bv John F. Lavng. 
Attendance 28. 

Boston.— March 24, 1915, Engineers 
Club. Illustrated lecture by Dr. Saul 
Dushman on ''The Electron Theorv 
and its Applications." Attendance 85. 

Chicago.— March 22, 1915. Paper: 
The Flow of Energy, by R. À. FAM. 
joint meeting with Weste.- ©. 
of Engineers. Attendance ` 

Detroit-Ann Arbor.—Mar 1.., ‚`` 
Hotel Statler, Detroit. Ar os. С 
quet of Section. Address 2, |. 
P. Bird on “ Relation of the 1 cer, 
to the Electrical Professi >.” s 
tendance 119. 

March 26, 1915, Detroit E^» ^.^. 
Society Club Rooms. Pap: 
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ciples of Steam Turbines,” by J. E. 
Emswiler, illustrated. | Attendance 42. 

April 9, 1915, Detroit Engineering 
Society Club Rooms. Paper: ‘ The 
Development of the Internai Combus- 
tion Engine, with Especial Reference 
to the Useful Recovery of Heat Losses.” 
bv J. B. Merriam, illustrated by lantern 
slides. Attendance 55. 


Fort Wayne.— March 26, 1915, Com- 
mercial Club. Address by Mr. J. W. 
Anspach on “ The Manufacture of the 
Mazda Lamp." Attendance 11. 


Indianapolis-Lafayette. March 19, 
1915, Indianapolis. Subject: Tele- 
phony. Paper: “ What Happens on 
the Telephone,” by J. L. Wayne. At- 
tendance 50. 

Ithaca.— February 27, 1915, Cas- 
cadilla Dining Hall. Annual Banquet 
of Section. Addresses by Dean E. L. 
Nichols, Professors Vladimir Karapetoff, 
J. R. Turner, C. A. Adams, Mr. H. 
A. Clarke, and President P. M. Lincoln. 
Piano recital by Prof. Karapetoff. 
Attendance 76. 

March 12, 1915, Rockefeller Hall, 
Cornell University. Experimental lec- 
ture by Prof. Ernest G. Merritt on 
‘Crystal Detectors in Wireless Tel- 
egraphy.” Attendance 110. 

March 26, 1915, Franklin Hall, Cor- 
nell University. Annual debate; sub- 
ject—'' Resolved, that the electrifica- 
tion of the Tehachapi Division of the 
Southern Pacific Railroad would not 
be justified on the basis of present 
traffic conditions," Messrs. А. M. 
Beebe and F. H. Wiley took the affir- 
mative, and J. R. Fry and H. M. Sharp 
the negative. Тһе judges decided in 
favor of the affirmative. Attendance 45. 

Los Angeles. — March 16, 1915, 
Chamber of Commerce. Paper: “Тһе 
Building of the Transcontinental Tele- 
phone Line," by Mr. Fullerton, il- 
lustrated by lantern slides and moving 
pictures. Attendance 60. 


Lynn.—March 17, 1915, General 
Electric Works. Illustrated lecture by 
Dr. W. P. Davey on “ X-Rays.” At- 
tendance 2419. 
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Milwaukee.—February 21, 1915, Re- 
publican House. Paper: “ Electrifi- 
cation of the Panama Canal,” by Ed- 
ward Schildhauer. Attendance 100. 

March 10, 1915, Plankington House. 
Paper: ' Some Notes on Electrical 
Excavating Machinery," by Walter 
Ferris. Attendance 100. 

April 14, 1915, Plankington House. 
Paper: “Clean Water." by Allen Hazen. 
Meeting under auspices of local section 
of А. S. M. E. Attendance 200. 

Panama.—February 28, 1915, Balboa 
Y. M. €. A. Paper: “ Transmission 
Svstem Substations, Including а Dis- 
cussion of the Electrical Characteristics 
of the Equipment and Methods of 
Installation and Construction," by О, 
C. Atkinson and А. T. Sjoblom. At- 
tendance 45. 

March 28, 1915, Darien Radio Sta- 
tion. Addresses as follows— (1) “Some 
Features of the Operation of Darien 
Station and Its Function in the Navy 
Radio System," by R. S. Crenshaw; 
(2) “ The Construction Work and Erec- 
tion of the Radio Station," by Ira W. 
Dye; (3) “Тһе Theory of the Radio 
Installation at Darien,” by Lewis W. 
Austin. Attendance 56. 

Philadelphia.—-April 1, 1915, Frank- 
lin Institute. Paper: “ Modern Theo- 
ries of Magnetism,” by George F. 
Stradling. 

Apri 12, 1915, Engineers Club. 
Paper: “ Turbine-Driven vs. Engine- 
Driven Units іп Small Capacities,” 
by J. S. Barstow. Joint meeting with 
local section A. S. M. E. Attendance 
220. 

Pittsfield.—March 11, 1915, Hotel 
Wendell. Paper: “ The Leakage Re- 
actance of Synchronous Alternators 
and Its Relation to Sudden Short Cir- 
cuits,’ Бу C. A. Adams. Attendance 
69. 

April 1, 1915, Hotel Wendell. Paper: 
" Recent Research Work of the Elec- 
trical Division of the Bureau of Stand- 
ards,” Бу P. G. Agnew. Attendance 60. 

Portland.--March 30, 1915. Lecture 
on ‘ Safety First," illustrated by lan- 
tern slides and moving pictures. 


118 


Rochester.— March 26, 1915. Paper 
" Marginal Economies," by John С. 


Parker. Attendance 33. 
San Francisco.—-March 26, 1915, 
Engineers Club. Paper: “ Electro- 


chemical Possibilities on the Pacific 


Coast," by Romaine Myers. Atten- 
dance 37. 

Schenectady.—-March 30, 1915. Ed- 
ison Club Hall. Paper: ‘ Driving 


Ship Propellers,” by W. L. К. Emmet. 
Joint meeting with eastern section 
N. E. LL A. Attendance 302. 

April 6, 1915, Edison Club Hall. 
Paper: “ Problems in Transformer De- 
sign," bv G. Faccioli. Attendance 101. 

Seattle.—March 17, 1915, Seattle 
Press Club. Address by Mr. W. L. 
Locke on “ The Big Creek Power De- 
velopment of the Pacific Light and 
Power Company,” illustrated by lan- 
tern slides and moving pictures. At- 
tendance 97. 

Spokane.— March 19, 1915, Chamber 
of Commerce Building. Papers: '' Di- 
versity of Heating Load," by H. В. 
Peirce; апа ' Voltage Regulation on 
Lighting Circuits," by D. F. Henderson 
Attendance 35. 

St. Louis.—- April 15, 1915, Engineers 
Club. Paper: “ Hydro-electric Devel- 
opment in the Pacific Northwest," 
by A. R. Fairchild. Attendance 34. 

Toledo.--April 7, 1915, residence of 
George E. Kirk. Address bv Mr. 
Little on “ Engineering Progress of 
the Present Day, and the Tendency 
of the Future," Address by Mr. Kirk 
on ''Italv," illustrated with colored 
views of places of interest. Attend- 
ance 20. 

Urbana.— March 19, 1915, Electrical 
Laboratory. Paper: ''Lightning and 
Lightning Protection," by Ellery В. 


Paine. Attendance 65. 
Vancouver. — January 14, 1915. 
Metropolitan Building. Paper: ''In- 


ductive Disturbances as Affecting Tele- 
phone and Telegraph Lines,” by H. W. 


Keifer. Attendance 18. 
February 19, 1915, Metropolitan 
Building. Paper: “ Transformers," by 


Мг. Paget. Attendance 13. 


PROCEEDINGS OF A. I. E. Г. 


[May 
March 26, 1915. Metropolitan 
Building. Paper: “ Electric Pumps for 


Sewerage Disposal,” by D. P. Dunn. 
Attendance 10. 

Washington.— March 15, 1915, Cos- 
mos Club Hall. Address by Comman- 
der А. J. Hepburn. U. S. N., on '' Ex- 


perimental Radio Work from the Ex- - 


ecutive Point of View." Attendance 
42. 


— ee — 


Past Branch Meetings 


Armour Institute.— March 18, 1915, 
Engineering Rooms. Papers: (1) ''Auto- 
matic Railway Control” by G. A. 
Barrer; (2) “Concentric Wiring,” by 
A. A. Oswald. Attendance 15. 

Bucknell University.—April 9, 1915, 
Chemical Laboratory. Address by Mr. 
Е.А. Neff on “Тһе Growth of a Great 
Modern Utility." Attendance 16. 


University of California.—February 
17, 1915, Berkeley. Address by Mr. 
G. W. Cattell on “Three Types of 
Rectifiers: Mercury Arc, Magnetic and 
Electrolytic Type.” Attendance 19. 

March 3, 1915. Paper: “Тһе Theory 
of the Repulsion Motor," by S. D. 
Browning. Demonstration of transfor- 
mer winding machine, the invention of 
Frank Rieber. Attendance 23. 

March 17, 1915. Paper: ‘ Cable 
Feeder Tests Conducted on the Oakland 
Traction Company and Key Route 
Systems in Oakland and Berkeley," 
by H. F. Reid. 

March 31, 1915. Paper ''Electrical 
Equipment of the Latest Automobiles,” 
by C. J. Erickson. Attendance 20. 

University of Cincinnati.— March 25, 
1915. Address by Mr. R. P. Kincheloe 
on “The Use of Lightning Arrester. 
High-Tension Transmission Lines.’ „, 
tendance 44. 


University of Colorado.—March 18, 
1915. Boulder. Address by Mr. H. R. 
Whitehead on “Electrolytic Refining 
in the U. S. Mint, Denver." Attend- 
ance 30. 

March 25, 1915, Engineering Build- 
ing. Address by Mr. H. C. Bullock on 


= 
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“Storage Battery Locomotives.” At- 
tendance 20. 

Georgia School of Technology.— 
March 11, 1915, Chemistry Building. 
Paper: "Application of Electricity to 
Cotton Mills,” by Park А. Dallas. 
Attendance 46. 

April 2, 1915, Electrical Building. 
.aper: "Regulators and Feeder Regula- 
tion," by T. Fuller. Attendance 37. 


University of Idaho.— March 3, 1915. 
Papers: (1) “Power Situation іп South- 
ern Idaho," by H. J. Adams; (2) 
"Public Utilities Commission in Idaho,” 
by J. J. Gill. Attendance 20. 


Kansas State Agricultural College.— 
January 11, 1915, Electrical Engineer- 
ing Department Lecture Room. 
Paper: "Applications of Electricity 
on the Farm and Home," by H. E. 
Newhouse, illustrated with lantern 
shdes. Attendance 20. 


February 8, 1915, Lecture Room. 
Library. Papers: (1) Theoretical In- 
vestigation of Electric Transmission Sys- 
tems under Short- Circuit. Conditions, by 
I. W. Gross; (2) Insulator Depreciation 
and Effect on Operation, by А. О. 
Austin. Attendance 30. 

March 15, 1915. Lectures on “Тһе 
Edison Storage Battery” апа “Тһе 
Exide Standby Battery." Attendance 
36. 

University of Kansas.—March 16, 
1915, Lawrence. Address by Mr. C. 
R. Dooly on ‘Methods of Westing- 
house Company in Handling their 
Men." Attendance 30. 


March 29, 1915. Illustrated address 
by Mr. W. A. Bucheim on ''Experiences 
in the Canary Islands іп Measuring 

At by the Electrometer." Attend- 

4.4 45. 

University of Kentucky.— April 14, 
1915, Mechanical Hall. Paper: “Рто- 
tective Apparatus," by F. H. Nealis. 
Attendance 38. 

Lafayette College.—February 18, 
1915, Pardee Hall. Papers: (1) ‘‘Meth- 
ods of Varving Speed іп A-C. Motors; 
(2) "Electric Railway Coasting;" (3) 
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"Electricity Direct from Coal;" (4) 
“Municipal Lighting System of Easton, 
Pa.;" (5) “Street Railway Electrolysis.” 
Attendance 21. 

March 11, 1915. Papers: (1) ''Dielec- 
tric Strength of Air;" (2) “Outdoor vs. 
Indoor Substations;" (3) “Тһе Place 
of Exhaust Steam Turbines in Power 
Plants;" (4) "Electric Railway Signal- 
ing." Attendance 21. 

March 20, 1915. Election of officers 
as follows—president, R. Fox; vice- 
president, H. Woodward; secretary, I. 
ochlough. Attendance 19. 


Lewis Institute.— February 15, 1915. 
Paper “Manufacture of Insulated Wire, 
by Henry А. Morss, illustrated by mov- 
ing pictures. Attendance 300. 

University of Michigan.— March 11, 
1915, Engineering Building. Paper: 
“Troubles Encountered in the Use of 
Carbon Brushes on D-C. Motors апа 
Generators," by E. Н. Martindale. At- 
tendance 34. 

Montana State College.— March 19, 
1915, History Lecture Room. Address 
by Mr. Hamilton Steel on “The Con- 
struction of the Dam and Power House 
at the Great Falls," illustrated with 
lantern slides. Attendance 28. 

University of Nebraska.--March 3, 
1915, Electrical Building. Addresses: 
(1) “Hydroelectric Plants in Nebraska,” 
by О. E. Edison; (2) “Some Keys to 
Successful Engineering," bv Prof. 
Hollister. Attendance 30. 

April 7, 1915. Address by Mr. Frank 
Allen on “Electric Automobiles." At- 
tendance 35. 

North Carolina College of Agricul- 
tural and Mechanical Arts.— March 16, 
1915, West Raleigh. Illustrated lecture 
on “Lightning Arresters, Meters, Cir- 
cuit- Breakers, Oil Switches and Switch- 
boards." Attendance 20. 

March 23, 1915. Experiments dem- 
onstrating the principle of sending 
and receiving wireless messages. At- 
tendance 20. 

March 30, 1915. Paper: ‘‘Construc- 
tion of City Electric Lines." Experi- 
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ment on arc lights showing the source 
of light and the effect of putting metal 
in the carbons. Attendance 20. 

April 6, 1915. Demonstration of con- 
stant-current transformer, using an arc 
light circuit. Attendance 15. 


April 13, 1915. Address by К. Crow- 
der оп ''Electric Starters for Automo- 
biles." Attendance 21. 


Ohio Northern University.— March 
17, 1915, Hill Memorial. Papers: (1) 
“The Pennsylvania Electrification,” 
by W. L. Riggin; (2) “Underground 
Wiring," by H. L. Frapwell. Attend- 
ance 22. 

March 31, 1915. Papers: (1) ''Trans- 
former Testing," by R. E. Lowe; (2) 
"Current-Limiting  Reactances and 
the Induction Regulator," by E. C. 
Vroman. Attendance 14. 

Ohio State University.— April 9, 1915. 
Robinson Laboratory. Paper: ''Wire- 
less Telegraphy," by R. E. Brown. 
Attendance 26. 


University of 


Oklahoma.— March 
24, 1915, Engineering Building. Pa- 
pers: (1) “Electrolytic Iron;" (2) 
"Electro-Culture;" (3) “Characteristics 
of Motors;" (4) "Store Keeping;’’ (5) 
“Current Events." Attendance 20. 
Oregon Agricultural College.— 
March 5, 1915, Corvallis. Address by 
Mr. O. B. Coldwell on “Тһе Field of 
Electrical Engineering." Attendance 39. 


University of  Pittsburgh.— March 
10, 1915, Thaw Hall. Paper: “Some 
Features of the Low Head Develop- 
ment of the Mississippi River at Keo- 
kuk," by H. H. Tinch. Attendance 19. 

Purdue University.— March 16, 1915. 
Electrical Building. Address by Mr. 
F. H. Nealis on "Lightning Protection 
and Arresters." Attendance 74. 


March 23, 1915. Address by Prof. 
P. М. Evans on “Тһе Relation of 
Electricity to Matter." Attendance 38. 


Rensselaer Polytechnic Institute.— 
April 6, 1915, Sage Laboratorv. lllus- 
trated lecture on “Lightning Arresters” 
оу E. L. Woodworth and E. W. Page. 
Attendance 31. 
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Rose Polytechnic Institute.— March 
18, 1915. Paper: “Static and Light- 
ning Protective Apparatus," by F. H. 
Nealis. Attendance 38. 

April 13, 1915. Paper: “Тһе Elec- 
tric Furnace; Its Growth, Develop- 
ment and Future," by H. L. Coles. 
Attendance 11. 

Stanford University.— March 4, 1915, 
Engineering Building. Address by Mr. 
А. B. Stuart on "Modern X-Ray Ma- 
chinery.’’ Attendance 17. 

March 18, 1915. Paper:  ‘‘Deter- 
mination of Costs," by B. E. Ward. 
Attendance 15. 

Syracuse — University.— March 11, 
1915. Paper: ''Sag in Overhead Wires,” 
by W. R. Stevens. Attendance 16. 

March 18, 1915. Paper: “Salmon 
River Power Development," by C. J. 
Daly. Attendance 29. 

March 26, 1915. Paper: “Тһе Elec- 
tric Furnace," by L. S. Fulmer. At- 
tendance 16. ч 

April 15, 1915. Paper: “Electrical 
Equipment of Battleships." Attend- 


.ance 17. 


Throop College of Technology.— 
March 18, 1915, Library. Illustrated 
address by Prof. R. W. Sorensen on 
“The General Electric Test Course for 
College Graduates." Attendance 18. 

Virginia Polytechnic  Institute.— 
March 27, 1915, Blacksburg. Illustrat- 
ed lecture by Mr. C. A. Quin on “The 
Electrification of the N. & W. Rail- 
road in West Virginia." Attendance 84. 


Washington — University.—February 
25, 1915, Eads Hall. Illustrated lecture 
by Dr. M. von Recklinghausen on 
"Purification of Water by Means of 
the Ultra-Violet Rays." Attendance 90. 

March 16, 1915, Old Chapel. Ad- 
dress by Mr. Thomas А. Watson on 
“The New Transcontinental Telephone 
Line." Dean Langsdorf introduced the 
speaker. Attendance 173. 

West Virginia University.—April 
2, 1915, Mechanical Hall. Discussion of 
recent electrical papers. Attendance 27. 


Worcester Polytechnic Institute.— 
March 24, 1915, Electrical Engineer- 
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ing Building. Paper: “Тһе Electrifica- 
tion of the Butte, Anaconda and 
Pacific Railroad," illustrated by lantern 
slides and moving pictures. Attend- 
ance 90. 


Personal 


Mr. WALTER N. Саксии. has been 
appointed Superintendent of Power 
and Lines for the Rhode Island Com- 
pany, Providence, R. I. 


Mr. DoNaLDp S. Hays of Portland, 
Oregon, and Miss Pansy F. Harlan of 
Baltimore were married on April 13, 
1015. Mr. Наув is engaged in Oregon 
by the United States Reclamation Ser- 
vice, and at present resides at 644 
Everett Street, Portland. 


H. WHITFORD JONES апа HucH 
STANLY Carr, of Cleveland, Ohio, 
announce that the co-partnership here- 
tofore existing between them has been 
dissolved. Mr. Carr has opened an 
office at 918 Citizens Building, Cleve- 
land, where he will continue thc general 
practise of consulting electrical engineer- 
ing, and Mr. Jones will retain his office 
at 1303 Citizens Building, where he 
will specialize, as formerly, in industrial 
and municipal engineering. . 


Mr. O. 5. MoRE has resigned from 
the position of chief engincer of the 
Fairbanks Morse Electrical Manufac- 
turing Company of Indianapolis, which 
position he has held for the past five 
years, in order to establish the More 
‘lectric Company, with offices in the 
Gas and Electric Building, Denver, 
Colorado. This new company will 
handle engineering problems as well as 
act as district representative for a 
number of well-known lines of electrical 
apparatus. 


Mr. Аһкск M. MACCUTCHEON, pre- 
viously with the Crocker- Wheeler Com- 
pany, Ampere, N. J., has recently re- 
moved to Cleveland to take charge of 
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the design work of the Rehance Electric 
and Engineering Company of that city. 
At the time of leaving the Crocker- 
Wheeler Company Mr. MacCutcheon 
was engaged in the design of special 
motor-generator sets for use in radio 
installations. He was previously in 
charge of the estimating work of the 
engineering department and in execu- 
tive charge of the drafting room. 


Mr. Epwin G. HarcH has recently 
resigned as treasurer and manager of 
the Clark Electric and Manufacturing 
Company, New York, which position 
he has held since 1910, and 1s now as- 
sociated with Mr. HERSCHEL C. PAR- 
KER, formerly professor of physics in 


Columbia University, being jointly 
interested with him in a number of 
inventions. Mr. Hatch has also, during 


the past year and one-half, had entire 
charge of Mr. Walter G. Clark's New 
York office, and the specification, test- 
ing and shipping of high-tension elec- 
trical material for the Victoria Falls 
and Transvaal Power Company, Ltd., 
South Africa. Mr. Hatch has not made 
definite plans for the future, but will 
probably open an office for consulting 
work. 


MR. Ковект C. FENNER, who for the 
past ten vears has been connected with 
the Cutler-Hammer Manufacturing 
Company, of Milwaukee, has resigned 
as manager of the Chicago office of that 
company and has opened an office of 
his own in the Peoples Gas Building, 
Chicago, where he ts acting as manager 
of sales for a number of mechanical 
and electrical specialties. Mr. Fenner 
has been in charge of the Cutler-Ham- 
mer Chicago office for the last four 
years, and has taken an active part in 
the work of the Chicago Association 
of Commerce, being chairman of the 
electrical subdivision of that association 
and a member of the Ways and Means 
Council. He was previously located 
in Boston for three years as manager of 
the Cutler- Hammer office in that city. 
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Obituary 


KENGO MAKINO, Assoc. A. I. E. E., 
of the department of electrical engineer- 
ing, Waseda University, Tokio, Japan, 
died on February 1, 1915, after a long 
illness. Mr. Makino was graduated 
from the Institute of Technology of 
Tokio in 1900, and for years identified 
himself in various capacities with the 
development of clectrical industry in 
Japan. In 1907 he was sent to the 
United States апа entered Cornell 
University, from which he was graduated 
in 1908 with the degree of M. E. 
Subsequently he entered the graduate 
department of the same university and 
in 1909 received the degree of M. M. E. 
He was also honored with the member- 
ship of the Sigma Xi Society. Im- 
mediately after receiving the master's 
degree he was summoned to his native 
country to organize the new department 
of electrical engineering of the Waseda 
University, which position he held to 
the time of his death. He was also a 
frequent contributor of articles on elec- 
trical engineering topics to the technical 
press of Japan. Mr. Makino was 
elected an Associate of the Institute on 
March 12, 1909. 


GEORGE CUTTER, Mem. A. I. E. E., 
founder of the George Cutter Company 
of South Bend, Ind., died April 6, 1915, 
in Los Angeles, Cal., of heart failure. 
He had been in ill health for some time. 
George Cutter was born in Boston in 
1853. He began his electrical work in 
1869 with Johnson and Whittemore, of 
Boston, and made rapid progress. 
When the Bel! telephone was brought 
out in 1876 Mr. Cutter was emploved 
by Charles Williams of the Bell organi- 
zation, and he was intimately associated 
with the introduction of this epoch- 
making invention. In 1881 he was in 
Riga and Warsaw, Russia, representing 
the International Bell Telephone com- 
pany. Іп 1883 he became manager of 
the testing department of the Thomson- 
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Houston Company, of New Britain, 
Conn. From 1885 to 1887 hc was chief 
engincer for the same company, with 
headquarters іп London, England. Mr. 
Cutter established his own manufac- 
turing business in 1889 in Chicago, 
where he continued the manufacture of 
his own inventions and other electrical 
supplies until 1905, when he moved the 
business to South Bend and established 
the George Cutter Company. In De- 
cember, 1911, he retired from active 
service with the company, turning the 
business over to an organization which 
continued the name, with Mr. Cutter as 
Vice-President. In 1912 he built a new 
home in Washington, D.C. The profits 
from his many successful inventions 
enabled Mr. and Mrs. Cutter to do a 
great аса! of good іп helping young 
people to get a start. Mr. Cutter was 
elected an Associate of the Institute on 
June 17, 1890, and was transferred to the 
grade of Member on November 18, 
1896. 


SIXTEN Отто SANDELL, Assoc. А. I. 
E. E., died in Los Angeles, Cal., on 
April 7, 1915, after an extended illness. 
Mr. Sandell was born October 5, 1876, 
at Oskarshamn, Sweden. He received 
his preliminary education in Stockholm, 
and during vacations worked as an 
apprentice in that city and 1n Nürnberg, 
Germany. Fora vear he worked as ап 
apprentice in the shops of the Allmanna 
Svenska Elektriska at Vesteras. He 
then took up the study of electrical 
engineering in Germany. After re- 
ceiving his diploma he was draftsman 
and engineer for various electrical 
manufacturing firms tn Nürnberg and 
Dresden. Coming to America, he served 
as draftsman for the Babcock and Wil- 
cox Company. Bayonne, М. J., and the 
New York Edison Conpany. Mr. 
Sandcll went to Los Angeles three 
vears ago, and was connecte 1 with the 
Bureau of Los Angeles Aqueduct Power 
and then with Thomas and Post, bridge 
engineers. He was elected an Associate 
of the Institute on February 24, 1905. 
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Recommended for Transfer, 
April 1, 1915 


The Board of Examiners, at its 
regular monthly mecting on April 1, 
1915, recommended the following meni- 
bers of the Institute for transfer to 
the grade of membership indicated. 
Any objection to these transfers should 


` be filed at once with the Secretary. 


То GRADE OF MEMBER 


ForBES, SHERMAN Guy, Chief Electrical 
Engineer to the Government of 
Mysore, Bangalore, India. 

HAZELTON, HucH, Electrical Engineer, 
New York, N. Y. 

NiCcHOLS, HARoLD E., Engineer, Re- 
search Branch, Western Electric Co., 
New York, N. Y. 

RuEL, Amar J., Electrical Engineer, 
Northern Idaho & Montana Power 
Co., Sandpoint, Idaho. 


Transferred to the Grade of 
Member April 9, 1915 


Тһе following Associates were trans- 
ferred to the grade of Member of the 
Institute at the meeting of the Board of 
Directors on April 9, 1915. 


Hunt, FRED L., Chief Engineer, Turn- 
ers Falls Power and Electric Co., 
Greenficld, Mass. 

PIERCE, ARTHUR G., District Engineer, 
Cutler-Hammer Mfg. Co., Pitts- 
burgh, Pa. 

ZOGBAUM, FERDINAND, Engineer of 
Maintenance, New York, Westchester 
& Boston Ry., New York, N. Y. 


Members Elected April 9, 
1915 


CARPENTER, DAN E., Assistant Man- 
ager, Textbook Dept., International 
Textbook Co.; res., 819 Richmond St., 
Scranton, Pa. 

CoFFIN, Francis А., Commercial En- 
gineer, Milwaukee Electric Railway 
& Light Co. 383 Public Service 
Bldg., Milwaukee, Wis. 


HiLE, CHARLES H., Chief of Mainten- 
ance, Boston Elevated Railway Co., 
101 Milk St., Boston, Mass. 

LowENSTEIN, Louis C., Engineer, Gen- 
eral Electric Co., West Lynn, res., 
16 Walcott Rd., Lynn, Mass. 

Moore, Epwarp TarcorT, Electrical 
Engineer, Westinghouse Electric & 
Мір. Co., 930 University Bldg., 
Syracuse, N. Y. 

Wier, Harry B., Electrical Engineer, 
Western Electric Co., 463 West St., 
New York, N. Y. 


Associates Elected April 9, 
1915 


AMBERG, EMiL J., Assistant Engineer, 
McHenry & Murray; res., 854 Orange 
St., New Haven, Conn. 

ANDERSON, Harry O., Construction 
Foreman, Edison Illuminating Co., 
Conners Creek, Mich. 

BAKER, GEORGE R., Construction En- 
gineer, General Electric Co., Sche- 
nectadv, М. Y. | 

Віссѕ, ROBERT NORMAN, Electrical 
Engineer, Devonport Ferry Co. Ltd., 
Auckland, New Zealand. 

BITZER, Отто F., Foreman and Elec- 
trician, Acme Wire Co., Highwood; 
res., 330 Blake St., New Haven, Conn. 

Воотн, JoHN B., Engineer and Sales- 
man, Woodhouse Electric Co., 51 
Bank St., Norfolk, Va. 

BRANDT, WM. VANC., Manager, Pitts- 
burgh Office, Electric Storage Battery 
Co., 806 Keystone Bldg., Pittsburgh, 
Pa. 

BROOKE, GEORGE А. Jr. Assistant 
Inspector, Electric Storage Battery 
Co., Philadelphia; res., 5235 Archer 
St., Germantown, Pa. 

BRowNiNG, СЕЗ Jay, Electrician, 
Garner Print Works апа Bleachery, 
Wappingers Falls. N. Y. 

CHAMPION, CHARLES H., General Mana- 
ger, Kandem Electric Co., Inc.; res., 
266 W. 77th St., New York, N. Y. 

CLARK, WILLIAM À., Electrical Engineer, 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh; res, Clover Club, 
Edgewood Park, Pa. 
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CoWpDREY, WILLIAM LATHROP, Me- 
chanical Engineer, Superior Coal Co., 
Superior, Wyo. 

CUNNINGHAM, WILLIAM J., Assistant 
Chief Engineer, Power Dept., City of 
Calgary, Calgary, Alberta, Can. 

CuRLING, HAROLD WILLIAM, Managing 
Director, Canadian Union Electric Co., 
130 Wellington St., Toronto, Ont. 

CZARNECKI, FRANK С., Secretary to the 
President, Great Western Power Co., 
San Francisco; res., 4070 Opal St., 
Oakland, Cal. 

DicHMAN,  EmNEST, Testing Radio 
and allied Apparatus, Mare Island 
Navy Yard; res, Edge Hill, St. 
Helena, Cal. 

Donsos, JOHN VERNON, Railway Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh; res., 405 West St., 
Wilkinsburg, Pa. 

EDWARDS, GEORGE L., General Super- 
intendent, Stayton Electric Light Co., 
Stayton, Ore.” 

FARNHAM, WILLIAM ELis, Local Traf- 
fic Engineer, American Telephone 
& Telegraph Co., 15 Dey St., New 
York, N. Y. 

Froyp, FRANK T., Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
E. Pittsburgh; res., 807 St. James St., 
Pittsburgh, Pa. 

l'RosT, LESLIE E., Railway Engineering 
Div., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Ра. 

GAFFEY, JOHN J., Blectrical Designer, 
Stone & Webster Engineering Corp., 
Boston; res., 157 Cypress St., Brook- 
line, Mass. 

GARDNER, FuLTON Q.C., Captain, Coast 
Artillery Corp, United States Army, 
Fort Totten, N. Y. 


GRIERSON, CLARENCE Ivan, Electrical 
Engineer, Wahamun Power and Coal 
Co.; res., 9934 86th Ave., Edmonton, 
Alta. 


*HAMILTON, ROBERT F., Testing Dept., 
British Westinghouse Co., 46 More- 
ton Ave, Stretford, Manchester, 
England. 


Harris, JAMES A., Assistant Engineer 
of Distribution, Toronto Electric 
Light Co.; res., 90 Campbell Ave., 
Toronto, Ontario. 

IIARRISON, WILLIAM T., Secretary, 
Hesse-Martin Iron Works, 434 Bel- 
mont St., Portland, Ore. 

*HaAnvEv, HAROLD G., Street Work 
Recorder, Commonwealth EdisonCo., 
Chicago; res, 311 S. Ridgeland 
Ave., Oak Park, Ill. 

*Hoor, DENVER WAYNE, Test Dept., 
General Electric Co.; res., 1 Elmer 
Ave., Schenectady, N. Y. 

*Hurr, JESSE, Assistant Operator, 
Utah Light & Power Co., Olmstead, 
via Provo, Utah. 


Hutt, BLAKE D., Transmission & Pro- 
tection Engineer, Southwestern Bell 
Telephone System, St. Louis, Mo. 


IREY, СкоксЕ W., Central Station 
Operating Engineer, St. Joseph Ry., 
Lt., Heat & Pr. Co.; res., 2413 N. 
7th St., St. Joseph, Mo. 


JEFFERSON, Ковект Dewey, Foreman 
System Operator, Idaho Railway 
Light & Power Co., Boise, Idaho. 

JOHNSON, MANFRED J., Electrical Ех- 
perimental Dept., The Bristol Co., 
Waterbury; res., 1 New St., Nauga- 
tuck, Conn. 

KoppEL, Jurius GEORGE, Superinten- 
dent, Sault Ste. Marie Bridge Co., 
Sault Ste. Marie, Mich. 

LEE, BENJAMIN F., Electrical Superin- 
tendent, Cliff Electrical Distributing 
Co. and Hydraulic Power Co., Nia- 
gara Falls, N. Y. 

*Ltoyp, WiLLiAM E., Jr, Supt. of 
Operation and Distribution, Lehigh 
Navigation Electric Co., Martins 
Creek, Pa. 

LUNSFORD, Jesse B., Test Dept., Crock- 
er-Wheeler Co., Ampere; res., 109 
N. 12th St., Newark N. J. 

“Маввз, JoHN K., Electrical Drafts- 
man, Commonwealth Edison Со.; 
гез., 5300 Kenmore Ave., Chicago, ПІ. 

MONKHOUSE, ALLEN, Superintendent, 
Railway Dept., Russian Electric Co. 
" Dynamo" Ltd., Moscow, Russia. 
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*MooRE, WILLIAM D., Division Super- 
intendent of Plant, Pacific Telephone 
and Telegraph Co., Portland, Ore. 

MORROW, ALLEN, Research апа Eff- 
ciency Engineer, Standard Oil Co., 
Richmond; res., 2634 Bana St., 
Berkeley, Cal. 

O'NEILL, THOMAS FRANCIS, Electrical 
Supervisor, Winchester Repeating 
Arms Co.; res., 455 Washington Ave., 
New Haven, Conn. 

PEART, JOHN W., Draftsman, Hydro- 


Electric Dept., City of London, 
London, Ontario. 
*POLLARD, JAMES F. Power House 


Operator, Pacific Gas & Electric Co., 
Drum, Placer Co., Cal. 

Posa, ENRIQUE, Electrical Engineer, 
A. E. С. Thomson-Houston, Iberica; 
res., Paseo San Juan 57, Barcelona, 
Spain. 

*RAMSAY, Lours MICHAEL, Test Man, 
General Electric Co.; res., 821 Main 
St., Schenectady, N. Y. 

Кезек, WILLIAM F., Chief Electrician, 
Weirton Steel Co., Weirton, W. Va. 

RIDDELL, JAMES L., Supt., Line & 
Cable Dept., Keystone Telephone 
Co., 135 S. 2nd St., Philadelphia, Pa. 

SMITH, Lewis, Rumford Falls Power 
Co., Rumford, Me. 

_ SPAHR, CHARLES W., Chicf Engineer, 
Mitchell-Lewis Motor Car Co., 
Racine, Wis. 

STEPHENSON, JOSEPH, Engineer, Gas 
Dept., Columbia Railway, Gas & 
Electric Co., Hampton Ave., Colum- 
bia, 5. С. : 

THOMSON, STANLEY E., Construction 
Engineer, Toronto Power Co., 5 
Stamford St., Niagara Falls, Ont. 

UrrEGRAFF, Roy E., Electrical. Engi- 
neer, Pittsburgh Transformer Co.; 
res., 1711 Termon Ave. N. S., Pitts- 
burgh, Pa. 

VANDERHOOF, CHARLES N., Foreman, 
Electrical Construction, Public 
Service Electric Co.; res., 59 N. 6th 
St., Newark, М. J. 

WaLLIs, CYRIL THORNTON, Test Room 
Assistant, Taylor Instrument Cos.; 
res., 139 Garfield St., Rochester, N.Y. 
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WILSON, JOHN, Chief Electrician, Sim- 
plex Wire & Cable Co., 63 Sidney 
St., Cambridge, Mass. 

*WiINSTON, WILLIAM O., JR, Agent, 
Winston Bros. Co., 801 Globe Bldy., 
Minneapolis, Minn. 

Үосхо, JAMES A., Electrical Construc- 
tion Foreman, General Electric Co., 
Atlanta, Ga. 

Total 59. 
“Богтег enrolled students. 


Applications for Election 


Applications have been received by 
the Secretary from the following candi- 
dates for election to membership іп the 
Institute. Unless otherwise indicated 
the applicant has applied for admission 
as an Associate. If the applicant has 
applied for direct admission to a higher 
grade than Associate, the grade follows 
immediately after the nane. Anv 
member objecting to the election of any 
of these candidates siauld so inform 
the Secretary before May 31, 1915. 
Adair, W. R., Mars, Pa. 

Atkinson, G. W., Washington, D. C. 
Banzhof, C. P., Lancaster, Pa. 

Beall, F. H., Cambridge, Mass. 
Benjamin, L. S., St. John, N. B. 
Веппеу, С. A., Pittsburgh, Pa. 
Benson, С. F., Chicago, ІШ. 

Borden, 5. W. (Member), Summit, N.J. 
Bradley, H. L., Milwaukee, Wis. 
Brophy, J. J., Peabody, Mass. 

Caigan, I., Boston, Mass. 

Clark, F. H., Salt Lake City, Utah 
Cole, К. E. N., St. Louis, Mo. 

Dailey, J. B., Detroit, Mich. 

Davis, J. M. (Member), WestLvnn, 

Mass. 

Dawe, H. S., Ashburton, N. Z. 

de Angelis, M. L., Paris, France 
Duke, H. T., !r., Philadelphia, Pa. 
Ferguson, G. F., Christchurch, N. 2. 
Furuichi, T., Boston, Mass. 

Gurdes, F. A., Chicago, lll. 

Harrold, A. I. (Member), Cleveland,O 
Hersh, W. L. (Member), Gatun, C. Z. 
Hewitt, A. C., Hagerstown, Md. 
Honegger, А., Schenectady, N. Y. 
Hornback, F. S., Black Diamond, Alta. 
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Horton, R. S. Oakland, Cal. 
Inagaky, Т. bm Columbus, О. 
Irvin, R., Salmon, Idaho 
Irvine, Т. Ic Wheeling, W. Va. 
Irwin, H. W., Boston, Mass. 
Jacobi, E. N., Milwaukee, Wis, 
Kimball, C. В., Boston, Mass. 
Knost, C. P, Mogollon, N. M. 
Krotzer, F, W., Milwaukee, Wis, 
Kutschera, А. J. (Member), Milwaukee, 
Wis. 
Lauridsen, Is Portland, Ore. 
Leeson, W. А., Rancagua, Chile 
Liljenroth, Е. G., Vesteras, Sweden. 
Lindsay, H. D., Milwaukee, Wis. 
Lytle, L. B., Rossland, B. С, 
МасВигпеу, Toss Philadelphia, Pa. 
Mainland, J., Holden, W. Va. 
Malmborg, C. A., Lehigh, Iowa 
Moore, [). Н., Pittsfield, Mass. 
Odena, F. M., Jr., Detroit, Mich. 
Owens, E. T., Balboa Heights, C. 7. 
Peake, K. C., Newark, N. J. 
Philbrick, J. S., Bolinas, Cal. 
Sargent, Р. G., St. Louis, Mo. 
Schluter, W. H. F., Brooklyn, N. Y. 
Vickers, С. H., Chicago, Ill. 
White, C. D., Boston, Mass. 
Whiting, H. R., Guayama, P. R. 
Total 54. 


— 2 


Students Enrolled April 9, 
1915 | 


— — 


' Eshbach, O. W., Lehigh Univ. 
259 Martin, H. А., Univ. of Virginia. 
260 Goodwin, W. C., Penna. St. Coll. 
Mueller, Ta Ta Marquette Univ. 
Goldstene, A. B., Соорсг Union. 
Sweigart,C. F., Ohio North. Univ. 
Zollinger, J. E., Univ. of Піпоів, 
265 Whiteman, C. A., Penna St. Coll. 
| Makin, H. B., Univ. of Alabama. 
ою, H. F., Stanford Univ. 
Saker, M.P., Stanford University, 
Wormser, P., Stanford University, 
Pier, А. B., Stanford University, 
Daniels, H., Harvard University, 
Perry, A. C., Univ. of Cincinnati. 
Yocum, G.G., Univ. of Cincinnati. 
+ Kyle, G. L., Univ. of Illinois, 
9 Dix, E. J., Univ. of Illinois, 
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(204 
7295 
7296 
7297 
7298 
7299 
1300 


7301 
7302 
7303 
1304 
7305 
7306 
7307 
7308 


7309 
4310 
7311 
7312 
7313 


7314 
7315 
7316 
7317 


Patteson, G. P., Va. Polv. Inst. 
Moore, J. H., Univ. of Va. 
Rathbun, H. J., Stanford Univ. 
Church, G. H.,HighlandPark Соп, 
Moline, E. L. Highland Park Coll. 
Schwensen,F.H., Highland Pk.Coll 
Wilson, G., Highland Park Coll. 
Maconnell, W.E., Highland PI; Сор 
Hutchison, W.M, Penna. St.Coll. 
Mok, K. Y., Yale University. 
Dible, H. J., Univ. of Pittsburgh. 
Stitt, R. de V., Univ. of Illinois. 
Vetter, N. J., Yale University., 
Tate, J. A., Univ. of Wisconsin. 
Raube, W.C., Univ. of Wisconsin. 
Reed, J.W., Univ. of Wisconsin. 
McManigal, R. D., Jr., Lafay- 
ette Coll, 

Trummell, M. F., Univ. of Va. 
Horst, A. C., Penna St. Coll. 
Schott, В. C., Ohio State Univ. 
Eck, L. E., Ohio State Univ. 
Miner, D. F., Worcester Poly. Inst. 
Silver, B. L., McGill University, 
Hansen, V., Univ. of Washington. 
Hasclton, M. L., Worcester Poly. 
Inst. 

Dunn, E., Rose Poly. Institute. 
Turner, W. F., Rose Poly. Inst. 
Bundy, E. E., Rose Poly. Inst, 
Hess, E. E., Rose Poly. Inst, 
Chandler, C.. H., Jr., Univ. of Va. 
Bal, W. L., Univ. of Virginia. 
Ritchie, T. C., Univ. of Virginia, 
Robinson, H. H., Ohio Northern 
Univ. 

Van Zandt, J. P., Univ. of Cal. 
Smith, G. L., Colorado Agri.Coll. 
Smith, H. D., Washington Univ. 
Dolch, B. Es Washington Univ. 
Fitzgerald, GT... Kans. State 
Agricultural College 

Smith, C.C., Kans. State Ag. Coll, 
Jackson, Р. E., Kans. St. Ag. Coll, 
Mote, С. A., Univ. of Michigan. 
Топсгау, M. H., Univ. of Mich, 


` Greene, C. R., Univ. of Michigan. 


Cowin, S. H., Case Sch. App. Sci, 
Benz, W. K., Univ. of Pittsburgh. 
Hursh, J. L., Purdue University. 
Ashley, R.W., Purdue University, 
Potter, E. V., Univ. of Illinois. 

Finley, R. H., Univ. of Nebraska, 
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7325 Robinson, J. D., Swarthmore Coll. 
1326 Newill, E. B., Georgia Sch. Tech. 
7327 Darby, F. W., Georgia Sch. Tech. 
1328 Costello, J. C., Univ. of Caht. 


4329 Stehman, E. H., 
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Carnegie Inst. 


Technology. 
7330 Enlind, C. J., Ohio Nor. Univ. 


Total 73 


EMPLOYMENT DEPARTMENT 


Note: Under this heading brief announcements (not more than 50 words in 
length) of vacancies, and men available, will be published without charge to mem- 


bers. 


Secretary’s office prior to the 20th of the month. 


Copy should be prepared by the member concerned and should reach the 


Announcements will not be re- 


peated except upon request received after an interval of three months, during this 


period names and records will remain іп the office reference files. 


All replies should 


be addressed to the number indicated іп each case, and mailed to Institute head- 


quarters, 


The cooperation of the membership by notifving the Secretary of available 


positions, is particularly requested. 


Vacancies 
V-63. Good opportunity for engi- 
neer with executive ability possessing 
experience in the construction and main- 
tenance of underground conduit sys- 
tems. 


The United States Civil Service Com- 
mission announces an open competitive 
examination for electrical expert aid 
(ship), on May 12, 1915, to be held at 
numerous places in the United States. 
From the register of eligibles resulting 
from this examination certification will 
be made to fill a vacancy in this posi- 
tion in the Department of Construction 
and Repair, Washington, D. С., at a 
salary of $4 per diem, and vacancies as 
they may occur in positions requiring 
similar qualifications at any United 
States naval establishment, unless it 
is found to be in the interest of the ser- 
vice to fill any vacancy by reinstate- 
ment, transfer, or promotion. 

The duties of this position require a 
theoretical knowledge of all kinds of 
electrical apparatus used on board naval 
vessels, capability of preparing specifi- 
cations and requisitions for electrical 
material for ships undergoing construc- 
tion and repairs, making of tests of 
electrical auxiliaries in use on shipboard, 
and of estimating the time, material 
and cost of making repairs of electrical 
equipment on ships. 

Persons who meet the requirements 
and desire this examination should at 
once apply for the circular announcing 
this examination (Form No. 343, issued 
April 3) and Form No. 1312, stating 
the title of the examination for which 
the form is desired, to the U. S. Civil 
Service Commission, Washington, D. C. 


The Municipal Civil Service Com- 
mission of the City of New York an- 
nounces an examination for Fire Tele- 
graph Expert at a salary of $3000 per 
annum. Candidates mus; be famil- 
lar with electrical principles and laws 
involved in electrical signaling practise 
and electrical engincering. They must 
have had five years’ experience with 
fire alarm telegraph apparatus, as de- 
signer or in other responsible technical 
position; must be familiar with auxil- 
lary fire alarm service, automatic 
alarms and electrical supervision of 
sprinkler systems, watchman and fire 
combination service. Graduation from 
technical school of standing will count 
as one years' experience. 

The subjects and weights are: Tech- 
nical. including report, 5; Experience, 
5; 75 per cent required on Technical 
and 70 per cent on Experience. 

Applications will be received at room 
1400, Municipal Building, New York 
City, from April 30 to May 14, at 
4:00 p.m. 

А qualifying physical test will be 
held. The minimum age is 21 years. 
There is one vacancy in the Fire De- 
partment. Four cents postage should 
accompany request for application 
blanks by mail. 

Men Available 

251. Teacher of Electrical Engineer- 
ing, with successful practical and teach- 
ing experience, open for engagement 
Septemberl. Experience covers manu- 


facturing, operating and consulting 
work. Assoc. A. I. E. E., and member 
of S. P. E. E. and N. E. L. A. 

252. Electrical Engineer. Univer- 
sity graduate; ten years’ experience 
testing, assistant electrical engineer 
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steel company; chief electrician large 
ice plant; also glass company. Planned 
installed, and operated 6000-kw. power 
system, including substations. Will ac- 
cept position as chief electrician indus- 
trial works or assistant electrical en- 
gineer power or light company. 

253. Electrical Engineer. Graduate 
University of Michigan 1910. Two 
years with Westinghouse Co. Two 
years surveying and valuation work. 
Now engaged in drafting under Civil 
Service. Desire position as instructor 
in electrical engineering. Salary no ob- 
ject if position is permanent with op- 
portunity for advancement. Prefer 
Middle West. 

254. Engineer and draftsman desires 
position as chief electrician with con- 
cern, or position as superintendent with 
electric light company іп New England. 
At present employed; age 31. Four 
years' experience in hydroclectric, high- 
tension, switchboard design and indus- 
trial layouts. Five years' experience 
in construction, operation and main- 
tenance. 

255. Electrical Designing Engineer. 
Mem. A. I. E. E. Technical graduate; 
six years’ experience as responsible de- 
signer of large electrical machinery and 
transmission systems. Desires position 
with firm of consulting or contracting 
engineers. 


256. Experienced all-round electri- 
cian. Two years assembling and wind- 
ing electric machinery; two years testing 
department;three years traveling. shoot- 
ing trouble, repairing and installing 
electric equipment; three years charge of 
hfty men repairing and testing all 
kinds of electric equipment for large 
electrical manufacturing company. Age 
jl; married. 


257. Graduate Mechanical Engineer. 
Post-graduate work in efficiency en- 
gineering at Harvard University; draft- 
ing room, pattern and machine shop 
experience. Desires position as assist- 
ant superintendent, with ап oppor- 
tunity for advancement by conscientious 
work and proper initiative іп superin- 
cending and increasing the efficiency of 
produerion. 

258. Assistant Professorship of Elec- 
trical Engineering desired by Mass. 


Inst. Tech. graduate, аре 26. Two 
years’ experience as college instructor 


and two years in commercial and elec- 
trical practise. 


259. Electrical Engineer. Four and 
а half vears’ experience; one as instruc- 
tor; two as equipment man and line 
inspector for large telephone company; 
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one and a half in instrument calibra- 
tion, development work and installation 
of new electrical gas meter for promi- 
nent Middle West concern. Graduate 
Univ. Penna. Consider апу kind of 
engineering work, апу location. 


260. Hydroelectric Engineer. Cor- 
nell graduate; fifteen years' practical 
experience in designing and construct- 
ing power svstems, irrigation and gen- 
eral contracting. War caused loss on 
contracts and delay in appointment to 
chief engincer's position on large irriga- 
tion project. Single, of good person- 
alitv. and will take anything or go 
anywhere. 

261. Electrical Engineer. 
single; absolutely reliable, 
graduate Stanford University, 1912. 
Three years’ varied experience with 
construction companies, Western hydro- 
electric developments. Valuation. De- 
sires position with construction or 
power company, consulting engineer, 
or charge of industrial plant. Open 
for engagement to any reasonable offer. 
Location no object. 

262. Enginecr. Age 35; married. 
Fifteen years' field experience in elec- 
trical engineering. Specialist in erec- 
tion and maintenance of large storage 
battery plants, also of buildings. А 
keen student of costs and efficiency. 
Executive, energetic, good reorganizer. 
Desires responsible position. 

203. Electrical Engineer. Graduate 
six-year course Univ. Wis., E. E. Age 
30; married. Practical experience as 
foreman, superintending power house 
construction on high-tension system. 
Past three years instructor in a univer- 
sity. Desires change of location— 
North or West preferred. 

204. Electrical Engineer desires posi- 
tion in South America on operation or 
construction. American; 5} years’ ex- 
perience operation in United States; 5 
years’ experience Mexico operation, 
construction, commercial engincering, 
etc. Now employed in foreign country; 
speaks Spanish; Mem. A. I. E. E. 


265. Electrical Engineer. Technical 
graduate; age 27; desires position. as 
assistant to electrical engineer or with 
construction engineer. 2% years Gen- 
eral Electric test; 3 years wiring and 
station construction. Fair estimator. 
No objection to foreign service. 


266. Electrical Superintendent, hav- 
ing charge of 3000-kw. plant and over- 
head lines in town of 30,000, wishes 
change. Experience in the maintenance 
of a-c. lines, trolley and power house, 
and іп keeping down cost. 


Age 27; 
energetic; 
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267. Engineering position with pub- 
lic service or manufacturing company 
desired by technical graduate of ten 
years’ experience in engineering, esti- 
mating and drafting on switchboards, 
power stations and factory equipment. 


268. Member A. I. E. E. and A. S. 
M. E. Technical graduate; age 35. 
Fourteen years' practical experience in 
design, construction, operation апа 
maintenance of hydroelectric and steam 
power plants, high-tension transmission, 
distribution. Opportunity desired 
where character and ability count; 
salary secondary consideration; im- 
mediately available; will go anywhere. 


269. Electrical Engineer. Thirteen 
years' experience with prominent con- 
sulting engineers of New York City. 
Knowledge of heating, elevators, office 
routine, mechanical drafting; can write 
specifications, supervise installations, 
test same and estimate. Teach іп 
evening school in New York. Desire 
position with architect, builder ог en- 
gineer. 


270. Graduate (1914) from mechani- 
cal and electrical engineering course 
(degree B. E.) desires position with 
consulting engineer. Seeks place where 
he will be thrown in contact with ex- 
perienced engineers, hydroelectric work 
preferred. At present operating hydro- 
electric plant, but can leave on reason- 
ably short notice. 


271. Electrical Engineer. 1914 grad- 
uate. Desires position with operating, 
consulting or construction company. 
Willing to work up from the bottom. 
Good clean habits. Good references 
as to industry and character. Salary 
and location not primary objects if 
there are good prospects for a worker. 


2272. Electrical Engineer. Univer- 
sity graduate, with eight years’ practi- 
cal experience, including four years with 
Westinghouse Co. in their several test- 
ing departments and on the road in 
their service department. Can make 
industrial layouts and estimate costs. 
Not particular as to location or work if 


chance 7 . ancement is afforded. 

2а DISCE S Engineer. Young 
man decor nl graduate, two years 
зып, ab [Лес test and two years in 
eics departit t of district office. 


six months as meter 
service corporation. 
bnie rsa ' пе position with operat- 
"ing company, Pacific 
Lus West preferred. 


cheb ovrt, о “С 


! | Desires position in 
қопа. 0722. years’ operating cx- 
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hydroelectric and 
Degree В. 5. 
could soon 


perience іп large 
steam-electric plants. 
E. E. Now employed; 
speak Spanish. 


275. Practical all-round electrician 
desires position. Age 32; married. 
Three years technical education and 
fourteen vears' practical experience in 
construction work of all kinds; power 
house and factory maintenance. Сап 
handle men. 


276. Electrical and Mechanical En- 
gineer. Age 31; graduate Univ. 11. 
1907. Desires position with firm of 
consulting engineers. Have been in 
present position four years, designing 
modern steam and electric drainage 
pumping plants. Considerable experi- 
ence in making mechanical investiga- 
tions and reports. Western location 
preferred. 


271. Electrical Engineer. Eighteen 
years' training and experience, embrac- 
ing Westinghouse factory and four vears 


test. Last eight ycars with large 5. А. 
corporation in various positions of 
progressive responsibility, both con- 


struction and operation. Desire com- 
mercial engineering position with manu- 
facturer in foreign department, or light 
and power company manager or super- 
intendent. 


278. Electrical Engineer. Technical 
education; thorough training, theoreti- 
cal and practical, in operation and design 
of electrical power installations. Seven 
years with Westinghouse Co. Four 
years as electrical engineer for prom- 
inent firm of consulting industrial en- 
gineers. Сап accept position of respon- 
sibility on short notice. 


279. Mechanical-Electrical Engineer. 
Cornell graduate. Three years as as- 
sistant manufacturing and commercial 
engineer in turbine and motor depart- 
ments General Electric Co. Employed 
in consulting and sales capacity by 
prominent heating and ventilating en- 
gineering concern. Business man; 
acquainted New York City and Boston. 
Desires permanent sales, manufactur- 
ing or consulting connection. 


280. Electrical Engineer. Age 32, 
technical education, ten years’ practical 
experience. Expert on management of 
construction and operation of electrical 
apparatus connected with large in- 
dustrial plants. Can show efficiency 
with minimum cost and delav. Now 
connected in above capacity. Best of 
credentials; location no object. 
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Library Accessions 


The following accessions have becn made to 
the Library of the Institute since the last ac- 
knowledgment. 

American Electric Railway Association. Pro- 
ceedings, 1914. (5 vols.) New York, 1914. 
(Exchange) 
Yearbook, 1914-15. New York, 1914. (Ex- 
change.) 
Annuaire Francais de L'Electricité, 1914. Paris, 
1914. (Gift of Lumiere Electrique.) 
Appraisal of Public Utility Properties. By Wm. 
G. Woolfolk. (Read before the 7th Annual 
Convention Indiana Gas Association, March 
10-11, 1915.) (Gift of Sanderson & Porter.) 
Association of Iron and Steel Electrical Engineers. 
Proceedings. 1914. (Exchange.) 
Chicago. Department of Gas and Electricity. 
Annual Report 17th, 1913. Chicago, 1914. 
Report to the Committee on gas, oil and 
electric light on the Investigation of the 
Commonwealth Edison Company, May 
1913. Chicago, 1913. (Gift of Chicago 
Department of Gas and Electricity.) 


Gas, Electric and Street Railway Association of 
Oklahoma. Papers presented at the Ist 
annual Convention. n.p. n.d. (Gift of As- 
sociation.) 


Schweizerischen — Elektrotechnischen Vereins. 
Jahresheft. 1914-15. Zürich, 1915. (Ех- 
ehange.) 


Society of Chemical Industry. List of Members, 
1915. London, 1915. (Gift of Society.) 


Western Union Telegraph Company. Annual 
Report 1914. New York, 1915. (Gift of 
Western Union Telegraph Co.) 


Gift of American Telephone and Telegraph 
Company, Annual Report, 1914. New York, 
1915. Development of the Telephone in 
Europe. By H. L. Webb. Five Minute 
Talks on Government Ownership. Talk no. 
1-3. Shall the Government own and Operate 
the Railroads, the telegraph and telephone 
systems? The Negative Side. 1915. 


Shall the Government Own the Telephones and 
the Telegraph? (Reprinted from the Metro- 
politan, Dec. 1914.) 


TRADE CATALOGUES 


Chicago Pneumatic Tool Co. Chicago, Ill. 
Bull. 34-M. Class “О” Chicago. Pneu- 
matic steam and power driven compressors. 
March 1915. 


Fort Wayne Electric Works of General Electric 
Co. Fort Wayne, Ind. Bull. 45201. Type 
А transformers of large capacities. June 1914. 

----46100. Type M demand indicators. Feb. 
1915. 

— 46101. Type P demand indicators. Feb. 
19135. 

———48100. Commutating pole direct current 
стапе and hoist motor COISOO-line. July 
1914. 


General Electric Co. Schenectady, N. Y. Y- 
604. Electric household appliances. 

Goldschmidt Thermit Co. New York, М. Y. 
Reactions. vol. 8, no. 1. 

Klockner, F. K5ln-Bayenthal. Price List of 
manufacturers. 1915. 

Leeds & Northrup Со. Philadelphia, Ра. 
Bull. 235. Vibration galvanometer. 

National Lamp Works of General Electric Co. 
Cleveland, Ohio. Bull. 15B. Lighting of 
Billboards and large painted signs. 1912. 

Philadelphia Electric Co. Philadelphia, Pa. 
Bulletin March 1915. 

Standard Underground Cable Co. Pittsburgh, 
Pa. Bull. 201-1. Standard C.C.C. wire. 
March 1915. 

Steel City Electric Co. Pittsburgh, Pa. March- 
and clamps. 

Westinghouse Machine Co. East Pittsburgh, 


Pa. 
----514. Westinghouse horizontal Gas engines. 
Feb. 1915. 


----515. Refrigerating apparatus. Feb. 1915. 


UNITED ENGINEERING SOCIETY 


Allia&es et Fonderie de Bronze. By Victor 
Marteil. Paris, 1910. ( Purchase.) 

Applied Mechanics. Ed. 9. By G. Lanza. New 
York, 1910. (Purchase.) 


Bibliographie der Deutschen Zeitschtiften Litera- 
tur. Band XXXIV, 1914. Leipzig, 1914. 
(Purchase.) 


Bibliographie der Deutschen Zeitschriften Litera- 
tur Erganzungs Band VII (Band XXXV 
A.) Leipzig, 1914. (Ригсһазе.) 


Biographical Directory of the Railway Officials 
of America. 1913 edition. New York, 1913 
(Purchase.) 

Calculus and its applications. By В. С. Blaine. 
New York, 1914. (Purchase.) 

Cellulose. By Cross & Bevan. London, 1910, 
(Purchase.) 

Chemistry and its Borderland. By A. W. Stew- 
art. Lond. N. Y., 1914. (Purchase ) 

Chemistry of Pigments. By E. J. Parry and J. 
H. Coste. Lond., 1902. (Purchase.) 

Civil Engineering Specifications and Contracts. 
By R. I. D. Ashbridge. Chicago, American 
Technical Society, 1914. (Gift of author.) 

The author has developed a logical system of 
preparing specifications, including typical speci- 
fications for railroad work, bridges, culverts, 
excavations, fills, tunnels, roadbeds, country 
roads, and city paving. Forms for proposal. 
agreement and contracts are discussed and 
illustrated. W.P.C. 
Efficient Cost Keeping. Ed. 3. By E. St. Elmo 

Lewis. Detroit, Burroughs Adding Ma- 
chine Co., 1914. (Gift of Publisher.) 

One of a type of books of real value issued to 
advertise the uses of the machine made by this 
company. but only as an incident in a well- 
written and useful treatise on cost keeping. 
The work is а distinct contribution to the lit- 
erature of efficiency іп management. W.P.C. 


- 


(Мау 
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Fvolution of the Steam Locomotive, 1893-1898. 
Ed. 2. By G. A. Sekon. London, 1899. 
(Purchase.) 

¿as Engines. By W. J. Marshall and H. R. 
Sankey. Lond., 1911. (Purchase.) 

; ıdex to Specifications issued by the Navy De- 
partment for Naval Stores and Material, 
Jan. 2, 1915. Wash., 1915. (Gift of U. S. 
Navy Dept.) 

аг vestigations and Experimental Researches for 
the Construction of my large oil-engine. 
By H. Junkers. London. n.d. (Purchase.) 

‘ohrbuch der Wissenschaftlichen Gesellschaft 
far Luftfahrt III Band 1914. I. Leiferung. 
Berlin, 1914. (Purchase.) 

1. st of American Doctorial Dissertations printed 
іп 1913. By Alida M. Stephens. Wash., 
Govt., 1914. (Gift of authoress.) 

Manufacture and Comparative Merits of 
White Lead and Zinc White Paints. By 
G. Petit, translated from the French by 
Donald Grant. London, 1907. (Purchase.) 

Manufacture of Paint. Ed. 2. By J. C. Smith. 
London, 1915. (Purchase.) 

Manufacture of Varnishes and Kindred Іп- 
dustries, Ed. 2, volume I. By J. С. Мсіп- 
tosh. Lond., 1914. (Purchase.) 

Marine Boiler Management and Construction. 
Ed. 4. By C. E. Stromeyer. London-New 
York, 1914. (Purchase.) 

McGraw Electrical Directory. Electric Railway 
Edition, Feb. 1915. New York, 1915. 
(Purchase.) 

Michigan Engineer. 1896-1902. (Gift of Michi- 
gan Engineering Society.) 

Moody’s Manual of Railroads and Corporation 
Securities. Volume I, 1915. New York, 1915. 
(Purchase.) 

New York Mineralogical Club. Bulletin no. 3. 
Minerals of Broadway, New York, City. 
May, 1914. (Gift of Club.) 

Ordnance and Gunnery. By O. M. Lissak. 
New York, 1914. (Purchase.) 
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Petroleum Year Book, 1914. London, 1914. 
(Purchase.) 

Popular treatise on the colloids in the industrial 
arts. By Kurt Arndt. Easton, 1914. (Pur- 
chase.) 

Practical Well Sinking. By B. A. Harrison. 
London, 1913. (Purchase.) 

Principles of Metallurgy. Ed.2. By A. H. Hiorns. 
Lond., 1914. (Purchase.) 

Sur la Production, la Distribution, et l'emploi 
de L'Electricité par les Charbonnages. By 
Félix Leprince-Ringuet. Paris, 1912. (Pur- 
chase.) 

Projectile throwing engines of the ancients. a 
summary of the history, construction and 
effects in warfare. Ву R. Payne-Gallwey. 


New Yoik, 1907. (Purchase.) 


Railways of the World. By Einest Protheroe. 
Lond., N. Y. n.d. (Purchase.) 


Report of the Joint Committee of New York & 
Brooklyn Scientific Societies on Standard 
Sizes for trays, cabinets, etc. approved 
Арі. 21, 1894. (Gift of New York Minera- 
logical Club.) 


Report on Detroit Street Railway Traffic and 
Proposed Subway made to Board of Street 
Railway Commissioners City of Detroit. 
By Barclay Parsons & Klapp. New York, 
1915. (Gift of Barclay Parsons & Klapp.) 


River апа Canal Engineering. By Е. 5. Bellasis. 
London, 1913. (Purchase.) 


Sanitary Engineering. Ed. 3. By Francis Wood. 
London, 1914. (Purchase.) 


Steam Boiler Construction. Rules of the Na- 
tional Boiler and General Insurance Co. 
Ltd. By E. G. Hiller. Manchester, 1912. 
(Purchase.) 


Trows New York City Directory, 1915. New 
York, 1915. (Purchase.) 


Waterworks Enginecrinz. By Fred C. Curen. 
Bristol, 1914. (Purchase.) I 
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OFFICERS AND BOARD OF DIRECTORS, 1914-1915 


PRESIDENT. 
(Term expires July 31, 1915.) 


: PAUL M. LINCOLN. 


JUNIOR PAST-PRESIDENTS. 
(Term expires July 31, 1915.) (Term expires July 31, 1016.) 
RALPH D. MERSHON. C. O. MAILLOUX. 


VICE-PRESIDENTS. 
(Term expires July 31, 1015.) 


J. A LIGHTHIPE. 
H. H. BARNES, JR. 
C. E. SCRIBNER. 


(Term expires July 31, 1016.) 
F. S. HUNTING. 

N. W. STORER. 

FARLEY OSGOOD. 


MANAGERS. 


(Term expires July 31. 1915.) 
COMFORT A. ADAMS. 

J. FRANKLIN STEVENS. 
WILLIAM B. JACKSON. 
WILLIAM McCLELLAN. 


TREASURER. 
GEORGE A. HAMILTON. 


(Term expires July 31. 1916.) 
H. A. LARDNER. 

B. A. BEHREND. 

PETER JUNKERSFELD. 
L. T. ROBINSON. 


(Term expires July 31, 1915.) 


HONORARY SECRETARY. 
RALPH W. РОРЕ, 


GENERAL COUNSEL. 
PARKER and AARON, 


(Term expires July 31, 1917.) 
FREDERICK BEDELL. 
BANCRORT GHERARDI. 
А. S. McALLISTER. 
JOHN H. FINNEY. 


SECRETARY. 
F. L. HUTCHINSON. 


LIBRARIAN. 
W. P. CUTTER, 


62 Broadway, New York. 


PAST-PRESIDENTS.—1884-1914. 


CHARLES P. STEINMETZ, 1901-2. 
CHARLES F. SCOTT, 1902-3. 
BION J. ARNOLD, 1903-4. 

JOHN W. LIEB, 1904-5. 
SCHUYLER SKAATS WHEELER, 1905-6. 
SAMUEL SHELDON, 1906-7. 
HENRY С. STOTT. 1907.8. 

LOUIS A. FERGUSON, 1908-09. 
LEWIS B. STILLWELL, 1909-10. 
DUGALD C. JACKSON, 1910-11. 
GANO DUNN, 1911-12. 

RALPH D. MERSHON. 1912-13 

С. O. MAILLOUX, 1913-14. 


*NORVIN GREEN, 1884-5-6. 
*FRANKLIN L. POPE, 1886-7. 

Т. COMMERFORD MARTIN, 1837-8. 
EDWARD WESTON, 1888-9. 

ELIHU THOMSON, 1889-90. 
*WILLIAM A. ANTHONY, 1890-91. 
ALEXANDER GRAHAM BELL, 1891-2. 
FRANK JULIAN SPRAGUE, 1892-3. 
*EDWIN J. HOUSTON, 1893-4-5. 
LOUIS DUNCAN, 1895-0-7. 

FRANCIS BACON CROCKER, 1897-8. 
A. E. KENNELLY, 1898-1900. 

CARL HERING, 1900-1. 

*Deceased. 
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STANDING COMMITTEES 


Revised to May 1, 1915 


EXECUTIVE COMMITTEE. 
P. M. incon Chairman, 
W. E. and M. Company, East Pittsburgh, Pa 


SECTIONS COMMITTEE. 


Н. А. Hornor, Chairman, 
Hamilton Court, 39th and Chestnut Streets 


C. А. Adams, A. Hamilton, ; ; 
Н. Н. Barnes, Jr, William McClellan, Frederick Bedell, tino 
B. A. Behrend, N. W. Storer. H. W. Flashman, F. D.-Nims, 


Charles F. Scott, 
and the chairmen of all Institute Sections 


STANDARDS COMMITTEE. 


А. E. Kennelly, Chairman, 

Harvard University, Cambridge, Mass. 
C. A. Adams, Secretary, 

Harvard University, Cambridge, Mass. 


FINANCE COMMITTEE. 
J. Franklin Stevens, Chairman, 
1326 Chestnut St., Philadelphia, Pa. 
H. H. Barnes, Jr. B. Gherardi. 


LIBRARY COMMITTEE. 
Samuel Sheldon, Chairman, 
198% Schermerhorn St., Brooklyn, N. Y. 
. Gherardi, 


Harold Pender, W. | 
В. L. Hutchinson. W. I. Slichter. оз Del Маг, Сһаг les Robbins, 
MEETINGS AND PAPERS COMMITTEE. H. W. Fisher, L. T. Robinson, 
L. T. Robinson, Chairman, Hi M. Hobart, E. B. Rosa, 
General Electric Company, Schenectady, N. Y. B. Jewett, C. E. Skinner, 
L. W. Chubb, ‚ С. Reed, E. а ІН P QM 
Ж nig Ott, 
А E Cuni enion; C. E ES W. L. Merrill, P. H. Thomas. 


ct 


Dugald C. Jackson, Clayton Н. Sharp, and the Chairman of the Code Committee, ex- 


үш В. Jackson. Кш: Р. Steinmetz, o ficio. 

. Karapetoff, . G. Stott, : 

S. M. Kintner, Wilfred Sykes, РаПеу O 2226 COMMITTEE 

C. S. McDowell, P. H. Thomas, аг 263 Bond жынды OR N. J. 

H. H. Norris, J. B. Whitehead. W. A. Del Mar, H. N. Muller, 
EDITING COMMITTEE. J. C. Forsyth, H. R. Sargent. 

H. H. Norris, Chairman, H. B. Gear, A. M. Schoen, 

239 West 30th St., New York. H. O. Lacount, George F. Sever, 


M. G. Lloyd, W. S. Rugg, 
А. S. McAllister, W. I. Slichter. 


BOARD OF EXAMINERS. 
Maurice Coster, Chairman, 


Kempster B. Miller, C. E. Skinner, 


LAW COMMITTEE. 


G. H. Stockbridge, Chairman, 

165 Broadway, New York. 165 Broadway, New York. 
Philander Betts, A. S. McAllister, Charles L. Clarke, Paul Spencer, 
Henry Floy, John B. Taylor. C. E. Scribner, Charles A. Terry. 


SPECIAL COMMITTEES . 


Revised to May 1, 1915 


POWER STATIONS COMMITTEE. 


PROTECTIVE APPARATUS COMMITTEE. 


H. G. Stott, Chairman, 


e West 59th ты New York. 


E. E. F. Creighton, Chairman, 
Union University, Schenectady, N. Y. 


W. 5. Gorsuch, S. MacCalla, H. H. Dewey, . T. Lawson. 
J.H n R. Ё S. Pigott, Louis Elliott, . B. Merriam, 
С. А. Hobein, *E. Р. Scattergood, Victor H. Greisser, L. C. Nicholson, 
A. S. Loizeaux, Paul Spencer, Ford W. Harris, . P. Peck, 
C. F. Uebelacker. S. Q. Hayes, N. L. Pollard, 
Fred L. Hunt, О. O. Rider, 
TRANSMISSION COMMITTEE. L. E. Imlay, D. W. Roper, 
Р. H. Thomas, Chairman, R. P. Jackson, Charles P. Steinmetz, 
2 Rector St., News York. H. R. Woodrow, 
E. J, Berg, | . D. Moody, 


: z: p Qn I ELECTRIC LIGHTING COMMITTEE. 
ч, “ ее T^ Clayton H. Sharp, Chairman, 

"oa Harold Pender. 556 East 80th St., New York. 
жол CS ae . W. Cowles, Т. 6. Perkins, 
жасағы; o ar . P. Hyde, S. G. Rhodes, 
HEC LENS ampson, P. Junkersfeld, E. B. Rosa, 
aj pq s oS оп, a w. оаа, А. 5. Loizeaux, С. Н. Stickney, 

т E. Woodbridge. Н. W. Peck, C. W. Stone. 


n U WAY COMMITTEE. 
D C lac ain, Chairman, 


INDUSTRIAL POWER COMMITTEE. 
D. B. Rushmore, Chairman, 


. : + ‘oo Street, Boston, Mass. General Electric коншы. Schenectady, ЇЧ. Ү. 
A. t, Doo UR, Я Katte, A. C. Eastwood, S. McAllister, 

A чо. o aW, Paul Lebenbaum, Walter A. Hall, LP P. Mallett, 

c— 5 S. Murray, J. М Нїррїе, 1. Martindale, 

T. Seu aia On, Clarence Renshaw, G. ag ae W. L. Merrill, 

LV pu n. А. 5. Richey, С. i night, J. À wc ted 

H. м. iunais, e "B Sprague: J. C. Lincoln, А. С. Pierce, 


N. 


H. A. Pratt. 
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TELEGRAPHY AND TELEPHONY 
COMMITTERE. 
C. E. Scribner, Chairman, 


463 West Street, New York. 
nar M. Davis, B ster B. Miller, 


L. Fortescue, ouradian, 
H. M. Friendly, W. O. Pennell, 
A. H: Griswold, F. L. Rhodes, 
F. B. Jewett, о В. Taylor, 
5. М. Kintner, . Wayne, 
William Maver, )т.; . M. Yorke. 


COMMITTEE ON 
USE OF ELECTRICITY IN MINES. 
Wilfred Sykes, Chairman, 


Box 242, East Liberty, Pa. 
F. E. Alexander, М.Н. Gerry, Jr., 


С. W. Beers, Charles Legrand, 

W. W. Briggs, K. A. Pauly, 

Graham Bright, G. B. Rosenblatt, 
B. T. Viall. 


COMMITTEE ON USE 
OF ELECTRICITY IN MARINE WORK. 


С. 5. McDowell, Chairman, 
Navy Yard, New York. 


Maxwell W. Day, O. P. Loomis, 
W. L. В. Emmet, D. M. Mahood, 
F. C. Hanker, G. A. Pierce, Jr., 
H. L. Hibbard, H. M. Southgate, 
Guy Hill, Elmer A. Sperry, 
H. A. Hornor, F. W. Wood. 


IRON AND STEEL INDUSTRY COMMITTEE. 


J. C. Reed, Chairman, 
2635 South 2nd Street, Steelton, Pa. 


^ B. Crosby, T. Henderson, 
C. Dinkey, F. Hodgkinson, 

Cine Dunn, В. С. Lamme, 

А. С. Eastwood, К.А. Pauly, 

F. G. Gasche, J. L. Woodbridge. 


ELECTROCHEMICAL COMMITTEE. 


A. F. Ganz, Chairman, 
Stevens Institute, Hoboken, N. J. 
Lawrence Addicks, . Е. F. Price, 
C. F. Burgess, C. G. Schluederberg. 
Carl Hering. L. L. Summers, 
W. R. Whitney. 


ELECTROPHYSICS COMMITTEE. 
J. B. Whitehead, Chairman, 


Johns Hopkins University. Baltimore, Md. 


Frederick Bedell, Nichols, 
H. L. Blackwell, E. B. Rosa, 

L. W. Chubb, H. J. Ryan, 

W. S. Franklin, H. Clyde Snook. 


COMMITTEE ON RECORDS AND 
APPRAISALS OF PROPERTIES. 
Tulum B. Jackson, Chairman, 


W. Monroe Street, Chicago, Ill. 
БКА iS Betts,. с Norton, 


William H. Blood, Jr., C. L. Pillsbury, 
Fred A. Bryan, H. о 

C. L. Cory, W. G. Vincent, 
Henry Floy, Clifton W. Wilder. 


EDUCATIONAL COMMITTEE. 


V. Karapetoff, Chairman, 
Cornell University, Ithaca, N. Y, 


E. г. Вет re. A. S. Langsdorf, 
Е. Bishop, C. E. Magnusson. 
C. R. Dooley, Charles P. Scott, 
Q. A. Hoadley, P. B. Woodworth. 


(May 


PUBLIC POLICY COMMITTERE. 


Cavert Townley, Chairman, 
165 Broadway, New York. 
William McClellan, Vice-Chairman, 
141 P AURAN New York. 


H. W. B H. A. Lardner, 

Fredk. Darlington, E. W. Rice, Jr., 
Gano Dunn, L. B. Stillwell, 

John H. Finney, H. G. Stott. 


PATENT COMMITTEE. 


Ralph D. Mershon, Chairman. 

80 Maiden Lane, New York. 
Bion J. Arnold, E. S. Northrup. 
C. S. Bradley, O. S. Schalrer” 
Val. A. Fynn, C. E. Scribner, 
John F. Kelly, F. J. Sprague, 

erry, 


MEMBERSHIP COMMITTEE. 


H. D. james Chairman, 
W. E. and M. Company, East Pittsburgh, Pa. 
Markham Cheever, A. G. Jones. 


E. L. Doty. S. C. Lindsay, 
Walter А. Hall, Herbert S. Sands, 
Max Hebgen, M. S. Sloan, 
Н.А. Hornor, W. S. Turner, 


P. B. Woodworth. 


HISTORICAL MUSEUM COMMITTEE. 


T. C. Martin, Chairman. 

20 West 39th Street, New York. 
John J. are E. W. Rice, Jr.. 
Charles L. Clarke, Charles F. Scott, 
Louis Duncan, Frank J. Sprague. 


U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL 
ELECTROTECHNICAL COMMISSION 
C. O. Mailloux, President, 
20 Nassau Street, New York. 
Р. B. Crocker, Vice-President, 


14 West 45th Street, New York. 
A. E. enne Secretary, 
n 


Harvard iversity, Cambridge, Mass. 

C. А. Adams, E. B. Rosa, 

B. А. Behrend, C. F. Scott, 
Louis Bell, Clayton H. Sharp, 
rye Burke, Samuel Sheldon, 

. J. Carty, C. E. Skinner, 

Gano Dunn, Charles P. Steinmets. 
H. M. Hobart, H. G. Stott, 
John W. Lieb, Elihu Thomson, 


Philip Torchio. 


COMMITTEE ON RELATIONS OP CON- 
SULTING ENGINEERS. 
L. B. Stillwell, Chairman, 
100 Broadway. New York. 


H. W. Buck, Р.К. Ford, 
Gano Dunn, F. N. Waterman. 


COMMITTEE ON CODE OF PRINCIPLES 
OF PROFESSIONAL CONDUCT. 


George Р. Sever, Chairman, 
13 Park Row, New York. 
H. W. Buck. ene Р. Kelly, 
Gano Dunn. chuyler Skaats Wheeler 


COMMITTEE ON HAZARDS FROM 
LIGHTNING 


Elihu Thomson, Chairman, 
Swampscott, Mass. 
A. E. Kennelly. Secretary, 
Harvard University, Cambridge, Mass. 
Comfort A. Adams Louis Bell, 
Dugald C. Jackson. 
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NEW YORK RECEPTION COMMITTEE. 
Frederick C. Bates, Chairman, 


30 Church Street, New York. 
H. H. Barnes, Jr., Angus К. Miller, 
Edward Caldwell, F. A. Muschenheim, 
N. A. Carle, Farley Osgood, 
W. G. Carlton, H. A. Pratt, 
W. A. Del Mar, W. S. Rugg, 
А. F. Ganz, George F. С veh: 
Bancroft Gherardi, Frank W. Smith, 
E. W. Goldschmidt, P. W. Sothman, 
С. А. Greenidge, 5. О. Sprong, 
A. H. Lawton, H. G. Stott, 
John W. Lieb, H. M. Van Gelder, 
R. R. Livingston, . M. Wakeman, 
W. E. McCoy, Valter F. Wells, 


William Maver. Jr., 


Clifton W. Wilder. 


EDISON MEDAL COMMITTEE. 
| Appointed by President for terms of five years. 


Term expires July 31, 1919. 


Charles F. Brush, William Stanley, 
W. Storer. 


Term expires July 31, 1918. 


H W. Buck, F. А. Scheffer. 
J. Franklin Stevens, 


Term expires July 31, 1917. 
A. E. Kennelly, Robert T. Lozier. 
S. G. McMeen. 


Term expires July 31, 1916. 
Ralph D. Mershon. Frank J. Sprague, 
Schuyler Skaats Wheeler, Chairman, 
Ampere, N. J. 
Term expires July 31, 1915. 
J. W. Lieb, E. L. Nichols. 
Elihu Thomson, 


Elected by the Board of Directors from its own 
membership for ler ms of two years. 


Term expires July 31, 1916. 
C. O. Mailloux, L. T. Robinson. 
C. E. Scribner, 
Term expires July 31, 1915. 


H. H. Barnes, Jr.. A. S. McAllister. 
William McClellan, 


Ex-Officio. 
P. M. Lincoln, President. 
George A. Hamilton, Treasurer. 
Ë L. Hutchinson, Secretary. 


INSTITUTE REPRESENTATIVES 


ON BOARD OF AWARD, JOHN FRITZ MEDAL 


Gano Dunn, C. О. Mailloux, 
Ralph D. Mershon, Paul M. Lincoln. 


ON BOARD OF TRUSTEES, UNITED EN- 
GINEERING SOCIETY. 


C. E. Scribner, Н.Н. Barnes, Jr., 
Gano Dunn. 


ON LIBRARY BOARD OF UNITED EN- 
GINEERING SOCIETY. 


Samuel Sheldon, Harold Pender, 
B. Gherardi, W. I. Slichter, 
F. L. Hutchinson. 


ON ELECTRICAL COMMITTEE OF NA- 
TIONAL FIRE PROTECTION ASSOCIATION. 


The chairman of the Institute's Code Committee, 


ON ADVISORY BOARD OF AMERICAN 
YEAR-BOOK. 


Edward Caldwell. 


ON ADVISORY BOARD, NATIONAL CON- 
SERVATION CONGRESS. 


Calvert Townley. 
AWN COTNCTY OF AMERICAN ASSOCIATION 


{eR ith ADVANCEMENT OF SCIENCE. 

Wood Era kan, G. W. Pierce. 

CR COYS PENCE COMMITTEE OF NA- 
1 OCO NGINEERING SOCIETIES. 

Саеге Towa, William McClellan. 

GON ОГ | MMITTEE ON ENGINEERING 

EDUCATION. 

(Da €^ c. SEDE, Samuel Sheldon. 

ON, LC САМ ELECTRIC RAILWAY А5- 
Eo вЫ COMMITTEE ON JOINT USE 
OF pow 
Perey Or ve, F. Н. Paine. 

Percy H. Thomas 


ON NATIONAL JOINT COMMITTEE ON 
OVERHEAD AND UNDERGROUND LINE 
CONSTRUCTION. 

F. B. H. Paine, 
Percy H. Thomas. 


Farley Osgood, 


ON JOINT NATIONAL COMMITTEE ON 
ELECTROLYSIS. 
Bion J. Arnold, F. N. Waterman, 


Paul Winsor. 


ON BOARD OF MANAGERS, PANAMA- 
PACIFIC INTERNATIONAL ENGINEERING 
CONGRESS, 1915. 

A. M. Hunt, J. T. Whittlesey. 
And the President and Secretary of the Institute. 


ON JOINT COMMITTEE ON LEGISLATION 
RELATIVE TO REGISTERING ENGINEERS. 
William McClellan, 5. D. Sprong 


ON ENGINEERING SECTION, SECOND 

PAN-AMERICAN SCIENTIFIC CONGRESS 
D H. Finney, F. L. Hutchinson, 

ercy H. Thomas, John B. Whitehead. 


LOCAL HONORARY SECRETARIES. 
Guido Semenza, N. 10, Via S. Radegonda, Milan; 
taly 
Robert Julian Scott, Christchurch, New Zealand 
T. P. Strickland, N.S.W. Government A 8, 
Sydney, М S. Ww. 

L. А. Herdt, McGill Univ., Montreal Dc 

Henry Graftio, Petrograd, Russia. 
Richard O. Heinrich, Genest-str. 5 Schoeneberg, 
Berlin, Germany. 
А. S. Garfield, 67 Avenue de Malakoff, Paris, 
France. 
ing mee сатке Gibbs, Tata Hydroelectric Power 
upply Co. Ltd.. Bombay. India. 

John Ww РУ шені Johannesburg, South АЁ, іса. 


ОМ U. S. NATIONAL COMMITTEE OF THE 
INTERNATIONAL ILLUMINATION COM- 
MISSION. 

A. E. Kennelly, C. O Mailloux, 
Clayton H. Sharp. 
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Name and when Organized. 


Atlanta............... Jan 
Baltimore............. Dec 
Boston................Feb. 
Сһісаро.................... 
Cleveland.............Sept 
Detroit-Ann Arbor...... Jan. 
Fort Wayne........... Aug. 


Indianapolis-Lafayette . Jan. 


ПВаса................ Осї 
Los Angeles........... May 
Lynn. joo es cae wee Aug 

айіоп.............. jan 
Мехісо............... Dec. 
Milwaukee............ Feb 
Minnesota............ Apr 
Panama............... Oct 
Philadelphia........... Feb 
Pittsburgh............ Oct 
Pittsfield.............. Mar 
Portland, Ore.......... May 
Rochester............. Oct. 
St. Louis............. Jan. 
San Francisco.......... Dec 
Schenectady........... Jan 
Seattle................ Jan 
Spokane.,............ Feb. 
Toledo................ June 
Toronto............... Sept 
Urbana....... š ...Моу 
Vancouver............ Aug 
Washington, D.C...... Apr 
Total 31 


[May 


LIST OF SECTIONS 


Revised to Мау 1, 1915. 


Chairman 

19, '04 | A. M. Schoen 
16, "04 | J. B. Whitehead 
13, '03 | С. W. Palmer, Jr. 
..1893 | E. W. Allen 

27, '07 | Howard Dingle 
13, '11 | H. H. Norton 
14, '08 | L. D. Nordstrum 
12, '12 | J. L. Wayne, 3rd. 
15, '02 | E. L. Nichols 

19, '08 | C. G. Pyle 
22. '11 | W. H. Pratt 

8, '09 | J. W. Shuster 
13, '07 

11, '10 | L. L. Tatum 

7, '02 | Leo H. Cooper 
10, '13 | Hartley Rowe 
18, '03 | H. F. Sanville 
13, '02 | J. W. Welsh 
25, '04 | W. W. Lewis 

18, '09 | R. F. Monges 

9, '14 | John C. Parker 
14, '03 | S. N. Clarkson 
23, '04 | C. J. Wilson 
26, '03 | H. M. Hobart 
19, '04 | S. C. Lindsay 
14, '13 | J. W. Hungate 
3, '07 | George E. Kirk 
30, '03 | D. H. McDougall 
25, '02 | I. W. Fisk 

22, '11 | E. P. LaBelle 

9. '03 | C. B. Mirick 


Name and when Organized. 


Agricultural and Mech. 


College of Texas..... Nov. 12, 
Alabama, Univ. of......Dec. 11, 
Arkansas, Univ. of. .... Mar. 25, 
Armour Institute....... Feb. 20, 
Bucknell University..... May 17, 
California Univ. of.....Feb. 9, 
Cincinnati, Univ. of..... Apr. 10. 
clemson Agricultural Col- 

lebo eo E ov. B. 
Colorado State Agricul- 

tural College.. ...Feb, 11, 


Secretary. 


H. M. Keys, Southern Bell Tel. & Tel. Co., 
Atlanta, Ga. 

L. M. Potts, Industrial Building, Balti- 
more, Md. 

Ira M. Cushing, 84 State St., Boston, Mass. 

W.J. Norton, 112 W. Adams St.,Chicago, И. 

R. E. Scovel, 1663 East 86th Street, Cleve- 
land, Ohio. 

Ray K. Hoiland, Cornwell Building, Ann 
Arbor, Mich. 

J. J. А. Snook, 927 ұсын Avenue, Ft. 

'ayne, Indiana. 

Walter А. Black, 3042 Graceland Ave., In- 
dianapolis, Ind. 

W. G. Catlin, Cornell Univ., Ithaca, N. Y. 

Edward Woodbury, Pacific Lt. & Pr. Com- 

any, Los Angeles, Cal. 
F.S.Hall, General Electric Co., Lynn, Mass. 
KA Kartak., Univ. of Wisconsin. Madison 
is. 


W. J. Richards, National Brake and Elece 
tric Co., Milwaukee, Wis. 

Emil Anderson, 1236 Plymouth Bldg., 
Minneapolis, Minn. 

Clayton J. Embree, Balboa Heights, C. Z. 

W.F. James, 1115 North American Bldg., 
Philadelphia, Pa. 

E: R. Riker, Electric Journal, Pitts- 
urgh 

M.E. Tee, General Electric Company, 
Pittsfield, Mass. 

Paul Lebenbaum, 45 Union Depot, Port- 
land, Ore 

О. W. Bodler, Pittsford, N. Y. 

W. О. Pennell, Southwestern Bell Tel. 
System, St. Louis, Mo. 

A. G. [ош 811 Rialto Building, San Fran 
cisco, 

5. Ms Crego, Gen. Elec. Co. Schenectady, 


E. A. Loew, University of Washington, 
Seattle, Wash. 

L. N. Rice, Spokane and Inland Empire R. 
В. Co. Spokane, Wash. 

Max Neuber, Cohen, Friedlander % Mar- 
tin, Toledo, O. 

s Case. Continental Life Bldg., Toronto. 

nt. 

P. S. Biegler, Univ. of Illinois, Urbana, Ill. 

Қ. C. Auty. Б. C. Electric Railway Co., 
Ltd., Vancouver, B. C. 

C. A. Peterson, 1223 Vermont Ave., М. W. 
Washington, D. C. 


LIST OF BRANCHES 


Chairman 
'09 | J. F. Nash 
'14 | W. M. Johnston 
"04 | D. C. Hopper 
'04 | W.L. Burroughs 
'10 | R. K. Hoke 


'12 | J. V. Kimber 


"108 | Р. Oberschmidt 
'12 | W. E. Blake 
'10 | G. M. Strecker 


Secretary. 


А. Dickie, А. & M. College, College Sta- 


tion, Texas. 


L. M. Smith, 
University, Ala. 
J. E. Bell, Univ. of Arkansas, Fayetteville, 


Ark. 

Chester Р. Wright, 3341 Michigan Boule: 
vard, Chicago, ПІ. 

George А. Irland. Bucknell 
Lewisburg, Pa. 

H. S. Mu'vancy, 
Berkeley, Cal 
C. Perry, 707 East McMillan Street, 


Cincinnati. O. 
F. L. Bunker, Clemson College, S. C. 


В. O. Marks, Colorado State Agrcul- 
_| _ tural College, Fort Cc Collins, Colo. 


University, 


1221 Hopkirs Street. 
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LIST OF BRANCHES —Continued. 


Name and when Organized. 


Colorado, Univ. of......Dec. 16, 
Georgia School of Tech- 
nology.............. une 25, 
Highland Park College..Oct. 11, 
Idaho, University of..... June 25, 
Iowa State College...... Apr. 15, 
Iowa, Univ. of.......... May 18, 
Kansas State Agr. Col.,..Jan. 10, 
Kansas, Univ. of....... Mar. 18, 
Kentucky State, Univ. ofOct. 14, 
Lafayette College.......Apr. 5, 
Lehigh University...... Oct. 15, 
Lewis Institute......... Nov. 8, 
Maine, Univ. of........ Dec. 20, 
Michigan, Univ. of...... Mar. 25, 
Missouri, Univ of.,......Jan. 10, 
Montana State Col.,.... May 21, 
Nebraska, Univ. of..... Apr. 10, 
New Hampshire Col.....Feb. 19, 
North Carolina Col. of A 
and Mech. Arts. ..... eb. 11, 
North Carolina, Univ. of Oct. 9, 
Ohio Northern Univ... Feb. 9, 
Ohio State Univ.,...... .Dec. 20, 
Oklahoma Agricultural and 
Mech. Col........... Oct. 13, 
Oklahoma, Univ. of.....Oct. 11, 
Oregon, Agr. Col.,...... Mar. 24, 
Penn State College..... Dec. 20,” 
Pittsburgh, Univ. of.,.... Feb. 26,” 
Purdue Univ.,.......... два 26, 
Rensselaer Poly. Inst..... ov. 12, 
Rose Polytechmic Inst.,Nov. 10, 
Rhode Island State Col. Mar. 14, 
Stanford Univ.,........ Dec. 13, 
Syracuse Univ.,........ Feb. 24, 
Texas, Univ. of.,.... .Feb. 14, 
Throop College of Tech- 
nology.............. ct. 14, 
Virginia Polytechnic Insti- 
"—"— jan 8, ` 
Virginia, Univ. of....... eb. 9,” 
Wash. State Col. of... Dec. 13. 
Washington Univ....... Feb. 6.” 
Washington, Univ. of.,..Dec. 13, 
West Virginia Univ..... . Nov. 13, 
Worcester Poly. Inst.,... Mar. 25, 
Yale University. ....... Oct. 13, 


'04 


Chairman 


Philip S. Borden 


R. A. Clay 
Clyde Prussman 
E. R. Hawkins 


Roscoe Schaffer 


L. V. Fickle 
Ray Walker 
Harry Y. Barker 
R. McManigal 
N. F. Matheson 
А.Н. Fensholt 
H. H. Beverage 
H. A. Enos 

E. W. Kellogg 
John M. Fiske 
Olin J. Ferguson 
H. M. Alexander 
P. H. Daggett 
R. E. Lowe 


Leslie J. Harter 


J. C. Woodson 
C. K. Karcher 
W.R. Grasle 


W.L. Kirk 
G. W. Flaccus 


5 W. Spray 
W. J. Williams 


Warren F. Turner 


W.C. Miller 


G. L. Beaver 
W. P. Graham 


J M. Bryant 


R. S. Ferguson 
M. F. Peake 
W.S. Rodman 
M. K. Akers 

C. C. Hardy 

H. W. McRobbie 
H. C. Schramm 
Frank Aiken 

P. M. Doolittle 


‚чыш —— 66——.————--—-—— —————————————————. 


| Secretary 


Charles S. Miller, University of Colorado, 
Boulder, Colo. 


J. M. Jr.. 


Georgia School 
of Technology, Atlanta, Ga. 


Reifsnyder, 


IR alph R. Chatterton. Highland Park Col- 
| lege, Des Moines, Iowa. 


C. L. Rea, University of Idaho, Moscow, 
Idaho. 
F. A. Robbins, Iowa State College, Ames, 
Iowa. 
A. H. Ford, University of Iowa, Iowa City, 


owa. 
Clarence E. Reid, Kansas State Agric. 
Col., Manhattan, Kan. 
Ernest Arnold, Univ. of Kansas, Lawrence, 
Kansas. 
F. Campbell, 345 South Limestone 
Street, Lexington, Ky. 
J. English, Jr., Lafayette College, 
Easton, Pa. 
С. Brockman, 3 North Main St., 
Nazareth, Pa. 
ed A. Rogers, Lewis Institute, Chicago, 
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DIRECT-CURRENT CONTROL FOR HOISTING EQUIP- 
MENT IN INDUSTRIAL PLANTS 


BY W. T. SNYDER 


ABSTRACT OF PAPER 


In selecting a controller for application to various types of 
mill machinery all the conditions must be considered, such as 
the class of operator, conditions of location, operation and 
maintenance, relative importance of reliability, simplicity, cost 
and repairs, etc., and initial cost. These points are illustrated 
by three different types of control as applied to a blast furnace 
skip hoist, to a high-speed coal hoist, and to a slow-speed ash 
hoist. In the first case reliability and continuity of operation 
are imperative, and other requirements are of secondary im- ' 
portance; in the second case, where an ordinary delay does not ` 
affect plant operation, questions of simplicity, repairs, main- 
tenance and inital cost can be given more consideration, as con- 
tinuity of operation is not absolutely essential; in the third case 
where the operations are performed by unskilled labor the most 
important requirements are that the controller perform its 
functions positively, accurately and automatically, and it 
should be provided with all the necessary protective features to 
avoid damage to the apparatus controlled. 


T IS the purpose of this paper to describe briefly the con- 
trolers on a few different types of hoisting equipment, 
and point out some of their advantages and disadvantages, also 
to point out what, in the writer's opinion, are good points to 
be desired, as well as the undesirable features to be avoided in 
selecting a controller for the different classes of service. 


BLAST-FURNACE Skip Holst 


A description of a particular skip hoist and controller is given 
below, Fig. 1 showing a general arrangement of the skip, cars, 
and hoist. 

The hoist is driven by a 175-h.p. 300-rev. per min., 230-volt, 
compound-wound d-c. motor, geared to two drums, each mounted 
on a common shaft. One of these drums winds up the hoist- 
ing cable while the other is unwinding; one car being at the top 
of the incline when the other is at the bottom. 

When the power is shut off the hoist, a solenoid-operated 
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band brake is automatically applied. The solenoid is shunt 
wound and is energized by the closing of the reverse switches, 
and released upon their opening. The amount of power and 
time required through an operating cycle is shown in Fig. 2. 
As is shown on this curve, which was taken under normal 
operation, the time required to hoist the car to the top of the 
furnace and dump it is 40 seconds. If for any reason faster 
charging is desired, this time сап be reduced to 33 seconds per 


Fic. 1—SkiP Hoist For 500-Том BLAST FURNACE 


trip by adjusting the accelerating relay to shorten the time for 
acceleration, and also, by making a slight adjustment, resistance 
is automatically inserted іп the shunt field circuit immediately 
following the last point of acceleration, and is cut out again 
just before reaching the normal slow-down point. When not 
needed, it only requires a moment to make the necessary ad- 
justments to allow the hoist to operate at normal speed. 
Should the hoist cable become slack for any reason, such as 
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a descending car stopping on account of derailment, broken 
axle, etc., before it reaches the bottom, or if one of the duplicate 
cables should break, the sagging cable will open an electrical 
contact which will immediately cut off the power, and the 
motor comes to rest. 

To the hoist drum shaft 15 geared a contact arm which travels 
over a dial on which there are contacts that control some of the 
operations of the main controller after the operator, who is 
located forty feet away, throws on the master controller to start. 

To the motor shaft is connected a small generator, the volt- 
age of which varies with speed of the hoist up to 70 volts maxi- 
mum. Across the terminals of this generator is connected a 
relay which varies the resistance that is connected in multiple 
with the armature of the hoist 
—I motor at the slow-down point. 

This is accomplished by adjustin 
Soe the relay so m it will 2. 
when a load of coke or ап empty 
car 1s being hoisted, and cut out 
at this point a section of the re- 
sistance that is connected іп 
multiple with the hoist armature. 

When a heavier load is being 

TIME IN SECONDS — hotsted, the speed of the hotst is 

Fic. 2-5кір Hoist—one 175- reduced, in consequence of which 
H.P. CoMPOUND-WouND Motor, the voltage from the small gener- 
ей 412. 300 REV. PER MIN., ator is not high enough to oper- 
о ate the relay, and all the resistance 
is permitted to be in circuit across the terminals of the hoist 
armature, thereby producing less retarding effect at this point. 

. While the permissible overtravel is 28 in., the actual vai ation 
in the stopping point, with this simple slow-down arrangement, 
does not exceed five in., and is due to the slip of the brakes on 
the various weights of load. 

A simplified wiring diagram of the connections of the motor 
and controller and a chart showing the sequence of operation 
of controller switches is shown in Fig. 3. 

This controller is located in the same building as the hoist- 
ing machinery. It is inspected and ріуеп any necessary atten- 
tion the same as all other electrical apparatus. 

During the past four years, the entire electrical equipment in 
connection with this skip hoist, including motor, controller, 
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and wiring, has caused a stop of 55 minutes on the furnace, and 
was due to paraffine running out of a relay coil and getting ona 
secondary contact, thereby insulating the contact and causing 
the controller to fail to start. Most of the time was spent in 
hunting the trouble. With proper arrangement of terminals 
this fault could have been found by test in a very short time. 
When it is considered that the skip averages 16 trips per hour, 
seven days each weck, and that the controller goes through the 
different operations of the cycle each time entirely automatically; 
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Fic. 3—ScHEME OF MAIN CONNECTIONS FOR SKIP Holst 


accelerates, slows down, and stops, with no further attention 
after it is started by the operator closing the master switch, the 
degree of reliability that can be obtained with a modern con- 
troller 15 evident. 

The master switch being located remote from the main con- 
troller and hoist apparatus makes it inconvenient to maneuver 
the hoisting machine when changing or adjusting cables. This 
objection was overcome by providing simple hand control in 
the hoist house, consisting of several small knife switches con- 
nected to the main controller. А single-pole, double-throw 
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knife switch operates the reverse contactors; another single- 
pole, single-throw knife switch operates the accelerating switches, 
and another switch of the same type operates the slow-down 
contactors. This arrangement, in addition to convenience 
in maneuvering the hoist, permits, the electric repairmen to 
try out the main controller after any adjustments or repairs 
without being required to signal some person to operate the 
master switch. The scheme has the advantage over a duplicate 
master switch in that any operation of the main controller can 
be performed out of its regular order. 

To prevent the car from approaching the stopping point at 
a dangerous speed, a relay is provided in circuit with the hoist 
armature and retarding resistance, that will operate to cut off 
power and apply the band brake should the circuit through the 
motor retarding resistance not be made at the proper time. 

A blast furnace can produce continuously a certain amount of 
iron which has a certain value dependent upon market conditions. 
The maximum possible output under best possible conditions 
would ,while these conditions remain unchanged, result in 100 per 
cent output. Certain conditions arise, however, which require 
that the rates of melting be reduced and which results in loss 
of production commonly and erroneously termed delay. 

A decrease in the rate of the melting process results not in 
delay of production but in curtailment of production and 
should be referred to as a loss in tons of iron or in units of mone- 
tary value and not as a delay in units of time. The same 
reasoning does not necessarily apply in departments using the 
product from a blast furnace. _ 

In the case of an open hearth department depending entirely 
upon iron from the local blast furnaces, a shut-down is not 
necessarily a curtailment of production. As long as there is 
storage for the blast furnace production during a shut-down of 
the open hearth department and there is sufficient open hearth 
capacity to absorb the stored iron along with the normal out- 
put from the blast furnace, the stop could be properly termed 
a delay in production which would be regained later and would 
not necessarily represent a monetary loss in so far as production 
15 concerned. 

On the other hand, if there is always an abundant supply of 
iron and a demand for the open hearth product, a halt in opera- 
tion in the open hearth department would be a curtailment of 
production and a monetary loss. 
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Therefore a failure of auxiliary equipment in any department 
beyond the blast furnace may result in a delay of production 
_or a curtailment of production, dependent upon conditions. 
But a failure of auxiliary equipment of a blast furnace that 
causes a reduction of the melting rate is almost invariably a 
curtailment of production and a monetary loss that cannot be 
recovered. | 

Thus it follows that in selecting auxiliary equipment for a 
blast furnace the feature most desired is reliability. Іп select- 
ing a skip hoist controller the requirements are in the follow- 
ing order: 

1, Reliabilitv; 2, maintenance; 3, depreciation; and 4, 
initial cost. 

RELIABILITY 

The detail parts of the controller should be as few as practi- 
cable in order to have a minimum number of possible sources 
of trouble. There should be enough switches to limit. the 
accelerating current to a value that will not be harmful to the 
motor or other parts of the equipment. Four accelerating 
switches, thus giving five steps of acceleration, are ample. 

Main contacts should be self-cleaning to prevent excessive 
arcing and freezing. Auxiliary contacts should be so designed 
as to prevent accumulation of insulating particles that may 
come from the atmosphere, or elsewhere. 

Usually there is heavy clectrically-driven machinery opera- 
ting near blast furnaces that causes the tine voltage to fluctuate 
widely, and shunt-wound switches, designed for 230 volts, 
particularly for skip hoist controllers, should be designed to 
operate successfully on any voltage between 175 and 260. The 
complete controller and its wiring should be so designed that a 
deposit of coke and ore dust that is common in the atmosphere 
about a blast furnace cannot cause grounds, short circuits, or 
sneak circuits. 

Skip hoist controllers have in many cases been unnecessarily 
burdened with elaborate and complicated schemes for obtain- 
ing smooth, uniform acceleration, and cut-off point confined 
within very narrow limits. This is sometimes a very desirable 
accomplishment for a skip hoist controller to have, but the ap- 
paratus necessary for the accomplishment introduces compli- 
cations and chances for trouble that very materially lessen the 
reliability of the controller, and the necessity for this close regu- 
lation should, whenever practicable, be avoided. A skip hoist 
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controller with which the writer is familiar was originally de- 
signed with retarding resistance graduated in about 50 steps, 
which, by means of regulating apparatus, could be varied to 
keep the motor speed practically constant from no-load to full 
load (that 1s, empty car to load of ore or limestone), through 
the slow-down period which gave a minimum variation in the 
stopping point. It was found that a perfectly satisfactory slow- 
down effect could be obtained with the use of but two steps of 
retarding resistance. While regulation is not as close as with 
the original scheme, it answers all requirements and is very 
much more simple and reliable. 

Since operating a skip hoist is only one of numerous duties 
devolving upon one man it is essential that the controller, after 
being started, perform all of its functions accurately, accelerat- 
ing, retarding, and stopping automatically. All reasonable 
protection should be provided, including overload, no-voltage, 
open shunt ficld, slack cable cut-out, overspeed, overtravel, 
and provision to cut off power and apply the mechanical brake 
in case of failure to complete the circuit through the armature 
and slow-down resistance. i 


RESISTORS 


The resistor to be used with a skip hoist controller is seldom 
given sufficient consideration, and for this reason it is very 
often a greater source of trouble than the controller, and in- 
variably gives more trouble than it should. As the resistor 
has equal responsibility with the controller proper, and one is 
useless without the other, they should be given equal considera- 
tion. It is important that the resistor has sufficient carrying 
capacity to limit the temperature rise to 50 deg. cent. High 
temperatures will in time deteriorate any insulation now known 
to the art, and the result will be an ultimate breakdown. 

Alternate heating and cooling of the resistor result in loose 
connections, fatigued material, oxidation, broken grids, open 
circuits, short circuits, grounds, etc. The more frequent the 
alternations and the wider the temperature range, the sooner 
will come one or the other of the above mentioned failures. 
Cast iron is not a desirable material for resistors because of its 
fragility. Mica is not a desirable insulation for resistors because 
of its mechanical weakness and rapid deterioration under cer- 
tain conditions, such as heat, moisture, etc. 

Another weakness in banks of cast grid resistors and one that 
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gives more trouble than any other is the multitudinous number 
of joints, each grid being afflicted with from two or four joints, 
one on either side of the lugs. 


WIRING 


Too much emphasis cannot be placed on the importance of 
using the best materials and first class workmanship in instal- 
ling the secondary wiring of the controller itself, and from the 
controller to the master switch, etc., particularly іп connection 
with a skip hoist controller. For 250-volt work, wire made for 
1500-volt working pressure should be used. Secondary wiring 
should be extra flexible and no wire smaller than No. 12 should 
be used. Care should be taken not to run wires connected to 
high resistance relay coils in the same conduit with wires sub- 
jected to high induced voltages, which may cause improper 
action of the relays. 


MAINTENANCE AND DEPRECIATION 


All parts that are subject to renewal should be easily acces- 
sible for inspection, repairs, and renewals. Spare parts should 
be as few as possible. This сап be done by making all magnetic 
switches, all secondary contacts, etc., duplicate of each other. 
The terminals of all main and secondary wiring should be plainly 
marked and be so arranged to simplify tracing or testing in case 
of trouble. 

А controller that 15 reliable and easily repaired and main- 
tained wil not be subject to depreciation; its hfe will be de- 
termined by obsolescence brought about by changed conditions. 
Unless there is a change in the design of the blast furnace or 
skip or some condition arises that renders the controller useless, 
it will give the same satisfactory service indefinitely. 


CosT 

In selecting а controller for a blast furnace skip hoist, the 
purchase price should be the. last consideration. А controller 
that would not be dependable seven days 1n every week should 
not be accepted as a gift, 1f one more dependable could be ob- 
tained. | i | 
HIGH-SPEED Coat Holst 

An outline diagram of a high-speed hoist, the control equip- 
ment of which will be considered, is shown in Fig. 4. This 
is a double hoist, each being capable of hoisting 100 tons 
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of coal per hour, with a grab bucket of 70 cubic feet capacity, 
weighing 6200 pounds empty. The average weight of coal per 
lift is 11 tons, making a total average load of about 9000 pounds. 
Each hoist is driven by a 300-h-p., continuous rating, com- 
pound-wound 500-rev. per min., 230-volt, d.-c. motor, which is 
geared to a drum on which is the closing cable. To this drum 
through a solenoid-operated friction clutch is connected the 
shell cable drum. 


-----------------.--68------- 


Fic. 4—Coar Hoist 


The solenoid which operates the friction clutch is controlled 
by a push button switch in the handle of the operator’s master 
controller. After the bucket is closed and the stress on cables 
is equalized, the friction clutch operates, connecting shell and 
closing cable drums together. While the bucket is being hoisted, 
the sheave carriage is moved by an auxiliary drive up an incline, 
the path of the bucket describing a parabolic curve, the total 
vertical lift being 128 feet. 
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When the bucket, reaches the dumping point the friction 
clutch is released, a band brake, operated by foot lever, is 
applied to the shell drum, power is applied to the motor and 
closing cable drum in the reverse direction, and the coal is 
dumped into a chute and the bucket continues lowering and 
moving down the incline at the same time. The hoist motor 
is retarded by dynamic braking, with the shell and closing 
cable drums locked together and the bucket in the open position. 

The actual time required to complete a round trip.is 37 sec- 
onds. The permissible time per trip based on 100 tons of coal 
hoisted per hour and 13 tons рег lift is 45 seconds. The power 
and time required for the complete cycle of operation is shown 
in Fig. 5. 

A simplified wiring diagram 
of the hoist motor and con- 
troller is shown in Fig. 6. 
The magnetic switches on this 
controller have a continuous 
rating of 1000 amperes and 
have given very satisfactory 
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controller house. 

On this kind of service it is important to keep all electrical 
equipment, particularly a magnetic controller, in an enclosure 
where it can be kept clean. Coal dust being a non-conductor 
will only be troublesome due to lodging on secondary contacts 
and insulating them, and by getting into moving parts of mag- 
netic control apparatus; aside from this, it will do no particular 
damage except that precaution should be taken to prevent coal 
dust from accumulating in enclosures in which there is electrical 
apparatus, particularly in controller rooms, for the reason that 
arcing is liable to cause a conflagration of the dust. 

Experiments that have been made by the U. 5. Bureau ot 
Mines have proved that less than 0.2 oz. of coal dust per cubic 
foot of air will, under favorable conditions, permit propagation 
of flame from particle to particle of dust and cause a conflagra- 
tion that will produce a pressure in an enclosure, which will 
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dislodge any dust that may be accumulated on the frame work 
of the enclosure, etc., and may cause an explosion with dis- 
astrous results. This feature should be kept in mind when 
installing electrical equipment of any kind about a coal hoist- 
ing or crushing plant. 

Since an equipment of this kind requires an operator having 
at least the intellectual capacity of a street car motorman, 
elaborate protective features in connection with the control 
system are not needed. To devise a controller for an equip- 
ment of this kind that would be proof against a careless or 
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incompetent operator would be impracticable if not impossible. 
The only protection necessary, as has been proved by five years’ 
operation, is current-limit acceleration and overload protection. 

As stated, there are two duplicate equipments on a common 
structure operating as one unit, hoisting coal from the same boat. 
To provide against heavy current surges on the transmission 
line and power plant, the hoist controllers were interlocked 
electrically to prevent both hoisting at the same time, but 
allowing one to hoist while the other is lowering. In addition 
to the benefits that were expected, this arrangement has re- 
sulted in lower maintenance cost on the hoisting plant, brought 
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about by more even stresses on the structure, and a more even 
pace on the part of the operators, there being less tendency to 
reckless operation, since one operator cannot hurry unless the 
other operator does likewise, and one cannot slow down without 
affecting the other. The result is that capacity is maintained 
while stresses on the hoisting equipment and structure, trans- 
mission lines and power plant, are much less severe. This 
arrangement also permits of a more efficient use of the trans- 
mission copper. 

Since an equipment of this kind must necessarily have some 
reserve capacity, there is usually sufficient time during the work- 
ing turn to do all ordinary repair and maintenance work. We 
therefore attach less importance to continuity of operation for 
service of this kind, and give the matter of repair and mainten- 
ance cost, together with the initial cost, more consideration than 
if we were selecting a skip hoist controller. 

The controller and its wiring, for service such as just des- 
cribed, should be easily accessible, simple in adjustment, and 
free from delicate refinements, so that the operator can make 
necessary adjustments and locate and correct all ordinary 
defects and failures in. order that delay and expense of having 
to send for other more skilled help, be kept to a minimum. 

The so-called series switch would not be suitable for this 
class of service for the reason that sclective speed points are 
desirable both in hoisting and lowering. 

Referring to Fig. 5, it will ke noted that to accelerate, about 
1400 amperes are required for a period of about 7.5 seconds, 
and only about 1100 amperes for three seconds are required 
after the accelerating resistance is all cut out until power is 
cut off. The accelerating resistance therefore is 1n circuit about 
75 per cent of the total time that the motor is hoisting and it 
is in circuit about 20 per cent of the total times required for a 
complete operating cycle. 

The accelerating resistance for this work should therefore 
have a capacity of 1000 amperes continuously with a temperature 
rise of 50 deg. cent. if it 15 to give satisfactory service. A re- 
sistor so designed would prevent excessive heating in normal 
operation and prevent burn-out in case of accelerating switches 
failing to close and leaving part of the resistance in circuit. 
With this rating, the saving in repairs and maintenance over 
a period of years would pay a handsome return on the additional 
investment necessary over what would be required for a re- 
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sistor that would ordinarily be supplied for starting a 300 h.p., 
motor at full load on а 35-second operating cycle. 

It would be conservative to say that no steel plant is free 
from trouble and expense incident to accelerating resistance of 
insufficient current carrying capacity, and that in a great many 
cases the repair and maintenance cost of the resistor alone, 
neglecting the expense and interruption to plant operation in- 
cident to resistor burnouts, etc., would justify the expense of 
replacing the troublesome resistor. . 
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SLOW SPEED AuTomaTic ASH HoisT 


The equipment to be considered here is used for hoisting ashes 
from a gas producer pit and dumping into a car on an elevated 
track, the general arrangement of the hoist being shown in 
Fig. 7. | 

The controller was designed to be operated Бу men who wheel 
ashes from the gas producer, it being only necessary for them 
to push a button and the bucket of ashes is hoisted and dumped 
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and the bucket returned to the loading position without further 
attention. A simplified wiring diagram and sequence of switches 
are given in Fig. 8. 

Without the automatic controller the man who would operate 
the hoist would have to be more skilled and be paid a higher 
wage rate than would a man who was only required to wheel 
ashes. This feature alone would justify the installation of the 
automatic controller. Тһеп the possibility of an incapable 
operator damaging the hoisting apparatus is climinated. The 
possibility of a properly designed automatic controller failing, and 
causing damage to the hoisting equipment, is very remote, as is 
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3 Series Field Accelerating Res. 

o 0000000 (ХХ) 
6 Series Brake ii 
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R5 | R4 | R3 | R2 

7 Res. 


Sequence of Switches 


FIG. S—SCHEME OF MAIN CONNECTIONS FOR ASH HOIST 


evidenced by the record of failures referred to in our descrip- 
tion of a blast furnace skip hoist automatic controller. 

It will be noted in Гір. 9 that nearly double the time 15 ге- 
quired to lower that is required to hoist the bucket. The 
reason for this is that five minutes clapse from the time that the 
full bucket of ashes is started up until the man returns with 
a barrow of ashes for the next empty bucket. Advantage 15 
taken of this time and the bucket is allowed to return all the way 
down on very low speed in order to reduce wear and tear on 
the apparatus and simplify the control. 

The requirements of a controller for this service would be 
about similar to that of a blast furnace skip hoist controller in 
that it should have every protection to avoid damage to the 
hoisting equipment and that it should function positively and 
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accurately. These features together with maintenance and 
initial cost should be given most consideration. Continuity of 
operation although desirable is not absolutely essential as is 
the case with a blast furnace skip hoist controller. 

A controller for this service should be enclosed to prevent its 
being tampered with. All repairs and adjustments should be 
made by a competent electrical repairman. 

The accelerating resistance should .carry full load current 
continuously with normal temperature rise to avoid excessive 
heating in case that the accelerating switches fail to close and 
allow part of the resistance to remain in circuit. 
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CONCLUSION 


For applications similar to a blast furnace skip hoist where 
‘failure of auxiliary equipment is liable to cause a dead loss in 

production, the matter of reliability and continuity of opera- 
tion is a necessity, in relation to which all other requirements 
are of secondary importance. The initial cost of a controller 
for this service should be a last consideration. 

Where conditions are similar to those of the high-speed coal 
hoist that we have considered, where an ordinary delay does 
not effect plant operation and where the operator, since he must 
be skilled to a certain degree to operate the equipment, could 
also take care of all ordinary repairs and maintenance of the 
electrical equipment, the question of simplicity, repairs and 
maintenance, and initial cost should be given most considera- 
tion, the matter of continuity of operation while desirable is 
not a first consideration. 
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Applications similar to the slow-speed ash hoist which has 
been considered and which is to be operated by unskilled labor, 
require that the controller perform its functions positively and 
accurately, and have all protective features necessary to avoid 
damage in all cases to the apparatus which it controls. 

Where the controller is designed for automatic acceleration, 
to provide against accelerating switches failing to close and 
leaving part of resistance in circuit and on manually-operated 
controllers where the accelerating period represents 10 per cent 
or more of the complete operating cycle, the resistor should have 
carrying capacity equal to that of its motor with a maximum 
temperature rise of 50 deg. cent. 

Protective resistance in series with magnetic switches is a 
possible source of trouble which should, when practicable, be 
avoided. Failure to short-circuit the resistance prevents the 
switch from sealing thereby damaging the switch contacts. 
Defective resistance 1f not replaced immediately will result in 
the switch coil burning out. 

The absence of any attempt at standardizing high-resistance 
units requires very careful attention to insure always having 
on hand spare units of the proper capacity and resistance value. 

А simplified wiring diagram should be furnished with. each 
controller. On the same sheet should be given all data neces- 
sary for obtaining spare parts; either catalogue reference or 
other means of identification. | 

Finally, in selecting a controller for a particular application 
all conditions must be considered, such as type of operator, 
conditions under which it will be located, operated and main- 
tained, the relative importance of the different factors, such as 
reliability, simplicity, cost of repairs and maintenance and 
initial cost, the order of importance of which will be different 
for different applications. 

A careful analvsis of all of these factors will help to determine 
the best controller for the particular applicatíon and whether 
it should be non-automatic, semi-automatic, full automatic, 
or manually operated. 

Generally speaking manually-operated controllers for service 
above 25 h.p. capacity should not be used on hoisting equipment. 
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THE INDUSTRIAL POWER COMMITTEE 


BY DAVID B. RUSHMORE 


HE WORK of the American Institute of Electrical Engi- 
neers consists largely of the presentation and discussion 

of papers on: 

2221. New inventions and discoveries in the electrical field. 
2. Compilation and review of the art in some particular line. 
3. Description of installations. 

4. Presentation of analytical studies of peculiar conditions 
and phenomena. 

5. Subjects of general interest to electrical engineers. 

The development of the electrical art has proceeded so rapidly 
that classification of the.same in the Institute activities has 
not been made in alllines. Тһе following outline prepared for 
use of the proposed International Electrical Congress is prob- 
ably as good as any: 

1. Generation, Transmission and Distribution. Central sta- 
tion and substation design, control and operation. Long-dis- 
tance transmission of electric power. 

2. Apparatus Design. Generators, motors and transformers. 
The rating of machinery. 

3. Electric Traction and Transportation. City, surface and 
rapid-transit railways; interurban and trunk lines; electric 
vehicles, ship propulsion, mine railways, elevators and hoists. 

4. Electric Power for Industrial and Domestic Use. Factories, 
mills, refrigeration, heating devices, etc. 

5. Lighting and Illumination. Arc and incandescent light- 
ing; the science and art of illumination. 

6. Protective Devices; Transients. Switches, circuit breakers; 
condensers; electrostatics; disruptive phenomena; high-frequency 
phenomena. | 

7. Electrochemistry and Electrometallurgy. Electrolytic and 
metallurgical apparatus and processes. 

8. Telegraphy and Telephony. (а) All communication of in- 
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telligence by the use of wires. (b) Electromagnetic waves and 
radio-telegraphy and telephony. 

9. Electrical Instruments and Electrical Measurements. Switch- 
board, portable, standard and absolute instruments. Testing 
and standardization methods; absolute measurements. 

10. Central Station Economics. Load factors, power factors, 
measurement of maximum demand and all problems affecting 
the economy of cenita, stations; also rates, their regulation 
and legislation. 

11. Electrophysics. Radioactivity; Röntgen rays; gas and 
vapor conduction; electron theory; constitution of matter, etc. 

12. Miscellaneous. Such as history and literature of elec- 
trical engineering; symbols and nomenclature; engineering edu-. 
cation and ethics. 

As the activities in different lnes have increased, technical 
committees have been appointed in the Institute to provide 
fields for the presentation and discussion of engineering papers 
on these different subjects. In some cases where the Institute 
has not provided this opportunity in time, separate organiza- 
tions outside of it have been formed, and the number of these 
has now reached the point where the matter is deserving of 
very serious consideration. The multiplicity of organizations, 
with their proceedings and conventions, is involving the various 
memberships in such a considerable expense in time and money 
that any improvement in efficiency in co-ordinating such func- 
tions will be very warmly welcomed. 

There is no field of activity in electrical work at the present 
time more important than that concerning the use of electric 
powcr in manufacturing industries. The rapid growth of this 
field and the wonderful possibilities for future development 
make it of great importance and interest to the consulting 
engineer, to the clectrical manufacturer, and to the power 
companies, as well as to the industrial organizations themselves. 

It is the object of the Industrial Power Committee to provide 
opportunity for such engineering activities in this field as is 
demanded by the situation, and by the desires of electrical 
engineers engaged in this work. That such a demand can be, 
at best, only supplied in part is self-evident. 

Industrial power work from an engineering standpoint con- 
sists largely in the application of electric motors, controllers 
and auxiliary apparatus to the driving of the various machines 
which are used in the different industries, and involved in this, 
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of course, are the many чен concerning the supply of 
power. . 

Тһе engineering work of the Industrial Power Committee 
may be divided into four more or less distinct parts. 

1. Electric motors. 

2. Controllers and auxiliary devices. 

3. Conditions involved in motor application. 

4. The application of electric motors to manufacturing pro- 
cesses. 

A presentation of the subject of “ electric motors” was made 
at the session the Midwinter Convention in New York in Febru- 
агу; the subject of “ conditions involved in motor application" 
was treated at the Cleveland Meeting; the subject of ‘‘ control- 
lers and auxiliary devices" is to be discussed at Pittsburgh, 
and a topical discussion on “ the application of electric motors 
to manufacturing processes" is to be held at the Annual Con- 
vention in June. 

Engineering work, ossis understood. must have some 
direct relation with commercial activity, and the Industrial 
Power Committee desires to have its work of such a nature as 
to be of direct assistance to the various operating and com- 
mercial organizations who look to the Institute for the source 
of their enginecring information. Such a development is, natu- 
rally, in process of growth and far from being in any final or com- 
plete form. 

An attempt is being made during the present year to bring 
before the Institute,in the form of papers and discussions, a 
more or less complete survey of the present state of the art of 
motor application, and, like all first attempts, this must neces- 
sarily be somewhat imperfect and incomplete, and yet it is a 
beginning in a line of development which should become of 
very great value. 

In addition, the Industrial Power Committee is arranging 

a series of lectures composed of lantern slides with a type-written 
copy of the lecture, to be kept at Institute headquarters in New 
York and to be available for any of the Institute Sections and 
Branches desiring the same. 

It is hoped that future construction on this foundation will 
be along the line of an annual report by the Committee which 
would cover this subject more thoroughly and completely than 
can be done by papers and discussions, such reports to be in 
the nature of an engineering handbook on the subject and to 
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furnish such technical information as can be used, by those in- 
terested in the subject, as the foundation for develonments in 
practical lines by the power companies, by the manufacturers 
and the various interested engincers, as well as a text book for 
use in educational institutions. Such a handbook, revised as 
occasion may require and kept up to date, would be a very val- 
uable contribution by the Institute to the industry, and would 
be contributing in a very proper way to its function as an en- 
gineering society. It is with the object of laying the foundation 
for such work that the program for this year was laid out. 

In the discussions at che meetings under the auspices of the 
Industrial Power Committee it is desired to have the result of 
experience presented as clearly and as forcibly as possible, and 
also to have divergent points of view brought out in such a way 
as to contribute to the understanding of the subject. This 
means that differences of opinion when properly expressed are 
highly desirable, and that cooperation between men engaged 
in various parts of this activity, in pooling their various and 
probably different points of view, is one of the desirable results. 

The technical committees of the Institute at the present time 
have a very fitful and uneven activity and are probably but the 
forerunners of a future form of organization which will meet the 
natural demands of the membership as the future growth of the 
art and of the Institute necessitates. It must of course be the 
primary object of the membership of such a committee to 
supply such requirements and to assist in such progressive 
activity as conditions may justify. | 

The work which is being done by the Industrial Power Com- 
mittee chis year will, it is hoped, be but the foundation of a 
continued activity ¿n the future which will finally develop ma- 
terial in such concrete form as will be of the most useful assistance 
to the profession and to the whole electrical and manufacturing 
industry. 
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STEEL MILL CONTROLLERS FROM THE OPERATOR'S 
| STANDPOINT 


BY J. S. RIGGS 


ABSTRACT OF PAPER 


Тһе writer discusses control problems from the operator's 
standpoint, іп connection with bloom mill and rolling mill ma- 
chinery. 'The most important consideration is that no pro- 
vision for emergencies can be allowed, and when the ingot or 
bloom leaves the furnaces for the rolls it must be kept moving 
until it reaches the cooling beds. Апу interruption in this 
cycle means scrap material and lost time. To fulfill these re- 
quirements the equipment must always stand up to the service 
and be as nearly fool-proof as possible. Тһе full magnetic con- 
troller in the writer's opinion meets the above requirements 
better than any other tvpe. 

Тһе requirements of the different classes of machinery are 
tabulated and from this tabulation it is shown that the control 
can be standardized in four distinct types one or the other of 
which will meet all conditions of mill equipment: 1. Full re- 
verse single-speed type. 2. Full reverse multi-speed type. 
2-a. Full reverse multi-speed type with dynamic braking. 3. 
Non-reverse push-button type. 

In conclusion the author points out that the conditions to be 
met and their solution should be kept as uniform as possible 
and the aim should be towards simplicitv. Тһе expense of 
duplication would be avoided by standardization of parts, and 
this would also permit comparison of different makes of appar- 
atus on an equal basis. 


HE PURPOSE of this paper 1s to describe the forms of 
electrical control peculiar to steel mill service, “ from 
the operator's standpoint." It is possible and probably usual 
to treat the subject by averages, to make statements as the 
result of many opinions. In this paper the other general pro- 
cedure will be followed in that the ideas аге as the writer sces 
them. This plan has been adhered to purposely. I do not 
expect complete agreement. I do hope this method will pro- 
voke constructive criticism, all to the end of definite recom- 
mendation, if such be possible, toward uniformity of attack to 
meet the given condition. 
The steel mill is distinct in many ways from any other manu- 
facturing industry and one of the most important of these dis- 
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tinctions is that no provision for emergencies can be made; 
that is, when an ingot, bloom or billet leaves the furnace for 
the rolls it has to be kept moving until it reaches the cooling 
beds. Any delay or interruption in this cycle means scrap 
material and loss of time. 

Considering the above service requirements and operating 
conditions, the equipment must stand up to the service, and be 
as nearly fool-proof as it can possibly be made. Тһе full mag- 
“netic controller, іп mv opinion, meets the above requirement 
better than апу other tvpe, and also has several additional 
advantages which may be briefly enumerated as follows: 

1. Superior ability to handle heavy currents at a minimum of 
maintenance cost and delavs. 

2. Inherent current-limit acceleration feature. Taking ac- 
celeration entirely away from the operator. 

3. Can be operated by a small master controller which :s 
easv to handle thus eliminating the element of fatigue of operator. 

4. Limit switches and automatic cut-out switches can be 
applied in any position so that “ slow-down” dynamic brake 
stop, as well as any other automatic feature required can be 
obtained. 

5. Complete remote- БІТСЕ circuit breaker protection at a 
very slight additional cost. 

6. “ Safety first"—Removes all arcs from immediate vicinity 
of operators. In fact, with magnetic control, the operator is 
insulated from all live parts. 

In order to bring out clearly the different equipments with 
their control in, for example, a bloom mill and a rolling mill, 
the following outline sketches and tables may be of assistance. 

The control for the following outlined equipment, which covers 
practically typical mill equipments, can be standardized in four 
distinct constructions, as follows: 

1. Full reverse, single-speed type. 

2. Full reverse, multi-speed type. 

2a. Full reverse, multi-speed type, dynamic braking. 

3. Non-reverse, push-button type. 

(1) The full reverse, single-speed type, should contain the 
following apparatus. 


4 Reverse switches, mechanically interlocked. 
3 or 4 accelerating series or lock-out switches. 

Three switches up to 75 h.p.; above 75 to 200 h.p., four switches. 
1 Main line contactor. 
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Overload double-coil relays. 

Main line switch,’ double-pole, single-throw, safety type. 

Control switch, double-pole, single-throw, and fuses. 

Terminal board. 

Angle iron or pipe frame. 

Resistance, to be mounted on rear of frame below panels. 

Single speed master radial arm type with overload reset in off position. 


This controller will take care of at least 50 per cent of mill 
work and can be used on the following equipment. 

A. All roller tables. 

B. Screw-downs. 

C. Rollers on tilting table. 

D. Soaking pit covers. 

Limits can be used with this control in any place where con- 
ditions may require them. | 

(2) and (2a) Full reverse, multi-speed type, should contain 


the 


4 
4 


кі мі мі | 4 мі тм 9 ма а 


following apparatus. 

Reverse switches, with mechanical interlocks. 

or 5 accelerating switches, shunt type series accelerating relays. 
Four switches up to 75 h.p.; above 75 to 200 h.p., five switches. 

Main line contactor. 

Dynamic brake switch. 

Overload double-coil relavs. 

Main line knife switch, double-pole, single-throw, safety type. 

Control switch, double-pole, single-throw, and fuses. 

Terminal board. | 

Angle iron or pipe frame. 

Resistance to be mounted on rear of frame below panel. 

Multi-speed master radial arm type with overload reset in off position. 


This type of controller can be used wherever conditions are 
such that a single-speed equipment, even with the plugging 
feature, will not meet them. For instance, this tvpe of con- 
troller should be used where varving loads obtain, where re- 
finement of control is required, where dvnamic braking or slow- 
down features are desired, and can be used on the following 
equipment. 


тш OO» 


Kick-off. 

Dogs or drags on transfer tables, hot-bed, etc. 

. Furnace pushers. | 

. Tilting tables. 

Hoist-lowering. 

. Hot metal mixers. 

Open hearth floor type charger, bridge, hoist, trolley and 
reel. 
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Equipment Type Reverse| Type Special 
No Operated. Contr. |Non-rev| Master Limits |Features. 
Bloom Mill. 
1 Soaking Pit Covers............ Magnetic |ҒаП rev|1-Speed. 2-Way. 
2 Ingot Del. Table.............. 5 м 52 * vielen 
3 Mill Appr. ТаЫе.............. " s 
4 Mill Rev. Table............... 2,49 € 
5 Two-High Mill. A-Screw-down.. a = a « 
6 Mill Rev. Table............... 2 25 s 
7 Shear Appr. Table............ s e. a € 
ADOS OPORTET а TT T Non rev|Push button 
9 Shear Del. ТаЫе.............. s Full геу L1-speed. ase UIN 
А-Кіск-оН................... = * “ Multi. * 2-way. slow down 
10 Hot-Bed. A-Drags or Dogs..... s "я я е 
Rolling Mill. 
1 Furnace Pusher............... " "S M “ « "s 
2 Furnace Feed Tables.......... ” = * |1-speed 
3 Ғагпасев.................... k: TX КЕТТІ 
4 Furnace Discharge ТаМе...... е * * |1-зрееа. | .... | ..... 
5 Tilting Tables................ 
А-Вгійде..................... a “ Multi * T 2% 
B-Hoist...................... ы © +e 2-way Dyn. 
: brake 
C-Rollers..................... € * « |1.speed Lowering 
6 Three High Rolls............. T &xu ЕУР 
7 Tilting Tables. Same as 5...... 
8 Hot Saw Appr. Table.......... Magnetic |Full геу |1-врееа. y 
9 Hot-Saw..................... s Non- Push- 
, | Rev.| button. 
A-Hot-Saw Feed.............. е Full rev|Multi-spd. |2-way Auto. feed 
depending 
on cut. 
10 Hot-Saw Del. Table........... s 4 |1-speed. е КЕК 
A-Hot-Saw kick off............ € «4 Multi-spd. |2-way slow down 
11 Hot-Bed. .................... 
A-Hot-Bed Тіррег............. ч сє = x Жу o 
B-Hot-Bed Drags............. = * * |Multi-spd. «8 
12 Straightener Appr. Table....... s * 4 11-ереей. (as 
13 Straightener.................. € Non. Push- Field con. 
| rev. button trol. 
Vibrating 
field relay. 
14 Shear Appr. ТаЫе............. Magnetic |Full rev|1 speed. ТТТ 
15 Shear. ë Non- Push- ў 
Кеу. button I 
16 Shear Dis. Table.............. « Full rev|1-speed. € AR 
А-“ * “ Kick-off......... ы * © |Multi-spd. |2-way. jslow down 
B-Transfer Dogs.............. а e OK ee а. еси 
17 Cold Saw Appr. Table......... ы = * |1-«реей. 
18 Cold Saw..................... 6 Моп- Push- 
rev. button 
A-Cold Saw Feed............. zi Full rev|/Multi-spd. |2-way. jauto. feed 
depending 
on cut. 
19 Cold Saw Dis. ТаЫе........... ы € * |1-speed. 
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This type of control without the dynamic brake feature is 
also suitable for the following: 

G. Tilting furnaces. 

H. Tilting table bridge. 


We 


i 


Fic. 1—BLooM MILL 


1. Soaking pit 6. Same as 4 

А. Soaking pit covcrs 7. Shear approach table 
2. Ingot delivery 8. Shear 
3. Mill approach table 9. Shear delivery tables 
4. Mill reversing table A. Kick-off 
5. Two high mill 10. Hot-bed 

А. Screw-down А. Hot-bed drags 


=s 
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Fic. 2—RoLLiNG MILL 


1. Furnace pushers 11. Hot bed 
2. Furnace feed roller tables A. Hot-bed tipper 
3. Furnaces B. Hot-bed drags 
4. Furnace discharge roll tuble 12. Straightener approach table 
5. ашпа, table 13. Straightener 
: . Bridge 
В Hoist 14. Shear approach table 
C. Rollers 15. Shear 
6. Rolls 16. Shear discharge table 
7. Same as 5 A. Shear discharge table kick-off 
8. Hot-saw approach table 17. Cold saw approach table 
9. Hot-saw 
10. Hot-saw delivery table 18. Cold saw 
A. Hot-saw delivery table kick-off 19. Cold saw discharge table 


The question may arise as to the extent to which line pro- 
tection devices shall be employed. А reversing controller іп 
its simplest form does not provide for the disconnecting of the 
series field of the motor from one side of the line. This is not 
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such an important detail so long as the controller is not pro- 
vided with overload relays, but if overload relays are installed 
and the contactors which are used for reversing the armature 
and to open and close main line circuit, are depended upon to 
afford line protection in combination with overload relay or 
relays, a condition may arise in which the motor field will be 
grounded and the reversing switches will be powerless to dis- 
connect the grounded field winding from the line. | 

Moreover, certain combinations of grounds, іп case but one 
overload relay and no extra main line contacts are used, may 
result in short circuiting that relay and the consequent loss of 
overload protection without such condition coming to the at- 
tention of cither the operator or the motor inspector. 

The only way absolutely to protect the equipment against 
short circuits and overloads is to install two relays, one in cach 
side of the line and also install a contactor in that side of the 
line which feeds the motor field winding, which arrangement 
gives the most complete protection possible to obtain. 

Each control pancl should also include a main line knife 
switch for the motor circuit, this knife switch to be so equipped 
that it may be locked open by safety pad-locks, thus protecting 
men working on the control equipment or the associated ma- 
chinery. 

Each control panel should include a control circuit knife 
switch, and fuses for protecting the control circuit, as it 15 ob- 
vious that if the overload relay on the pancl is set high enough 
to protect the motor, a very destructive short circuit may occur 
in the control system, without taking sufficient current to trip 
the main overload relay. The fuses guard against this con- 
tingency and make it possible to connect the control circuit 
outside the main line knife switch so that whenever the motor 
inspector desires to test out the control system, he may pull 
the main line knife switch and opcrate all contactors without 
running the motor. 

(3) The non-reverse, push-button type should include the 
following apparatus. 

1 Main line contactor. 

3 or 4 accelerating switches, series or lock-out type. 

Three switches up to 50 h.p.; four switches from 50 to 200 h.p. 
The last accelerating switch to hold in on zero current. 
1 Overload double-coil relay. 


1 Main line double-pole, single-throw, knife switch and fuses. 
1 Terminal board. 
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1 Shunt field protecting relay. Not considered necessary below 30 h.p. 

1 Angle iron or pipe frame. 

1 Resistor mounted on rear of frame. | 

1 Push button “ start,” “ stop” апа “ reset.” 

Additional to above where variable speed is required, as for 
instance on straighteners— 

1 Vibrating field relay. 3 

] Field rheostat. 

The above type of controller without the additional fcatures 
can be used on 

А. Furnace fans. 

B. Shears. 

C. Cold saws. 

D. Hot saws.. 

In fact, this type of controller is suitable for the majority 
of constant-speed mill equipments. 

I have not attempted to give horse powers for any of the 
equipment mentioned because of the wide range and the power 
required by mills, due to different size mills and local condi- 
tions, but it would be my recommendations in laying out a 
mill to keep to as few different sizes of motors as possible through-, 
out. This will not only keep down motor spare parts but will 
cut down to a minimum the number of sizes of controllers re- 
quired, and in this way cut down the total amount of spare 
parts required for permanent stock. 

I would recommend control pancls being made up of an as- 
sembly of slates containing the various picces of apparatus 
which go to make up the controllers. 

I will touch briefly on a few points which I think would help 
the operator. If there were some standardization so that he 
could compare different makes of apparatus on an cqual basis, 
these items will be of assistance. 

(1) Contactors. | 

Area of contacts. 

Pressure between contacts. 

Rating per unit area of contact. 
(2) Resistors. 

Standard ratings. 

Cross section. 

Contact area. 

Spacing. 

Type. 
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Contactor coils should be interchangeable on the same size 
apparatus of one manufacturer. Use external resistance when 
coils һауе to stand continuous service rather than a special coil. 

In conclusion the point attempted at the introduction is 
emphasized. Make the conditions to be met as uniform as 
possible. Solve these both from the manufacturing and the 
operatirfg standpoints by uniform methods. Strive for sim- 
plicity. Save the expense of duplication. These, I believe, 
to be engineering fundamentals peculiar to the subject. 


Presented at the 308th meeling of the American 
Institute of Electrical Engineers, Pittsburgh, Pa., 
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CONTROL OF DIRECT CURRENT HOISTS IN IRON 
AND STEEL MILLS 


BY G. E. STOLTZ AND W. O. LUM 


ABSTRACT OF PAPER 


The control problem discussed in this paper is confined en- 
tirely to a typical example of a skip hoist. Ап outline of the 
conditions existing in the case of this particular application 
is given in which the load on the hoist is divided into three 
parts, namelv, the friction load, the inertia of moving parts, 
and the useful work in hoisting the net load. "The proper cycle 
of operations is determined, which in turn determines the required 
characteristics for the motor and controller which are together 
considered as a unit. Тһе details of this d-c. skip hoist control 
are described and illustrated. 


HIS SUBJECT would, in general, confine our discussion 
to skip hoists, cranes and ore handling machinery, the 
operation of each being sufficiently different from the others 
to warrant individual consideration. То treat each of these 
applications properlv would require too much time, so it has 
been decided to.confine our discussion to a typical example of 
a skip hoist. | 
In order to design control apparatus intelligently for an 
application of this kind, it is necessary for the engineer to 
understand fully the function of the various parts of the driven 
apparatus as well as the operating characteristics of the elec- 
trical machinery. We will therefore outline the existing con- 
ditions of this particular application, and then suggest a control 
which seems best to meet the definite requirements set forth. 


Skip Hoists 


Fig. 1 is an illustration of a typical hoist which has been 
selected for consideration in this paper. The load on a skip 
hoist can be divided into three parts, namely, friction load, 
inertia of the moving parts, and useful work in hoisting the net 
load. 


The static friction at the moment of starting is, of course, 
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greater than the running friction, but it is a comparatively 
small item, and with the machine in approximately continuous 
operation the static friction is not excessive, so that it is ordi- 
nary practise not to differentiate between static and running 
friction in calculating the load cycle. No formula can be used: 
to determine definitely the friction, but various empirical rules 
are employed which approximate the true values sufficiently 
close to that obtained on hoists under normal operating con- 
ditions. 


СА 


Fic. 2—CHART SHOWING RELATIVE 


INERTIA VALUES OF MoviNG PARTS 
A— Motor armature 
B— Drums 
C—Cars and ropes 


Fic. 1—SKETCH OF TYPICAL 
Skip HOIST 


The next item involved is the inertia of the moving parts. 
The apparatus involved: consists of the drums, sheaves, gear- 
ing, armature, ropes, skips, and net load. The energy required 
to overcome the inertia of a moving body varies directly as its 
weight and as the square of its velocity. Therefore to mini- 
mize the starting and braking peaks, care should be exercised 
in the design of the apparatus. The diameter of the rotating 
parts should be kept as small as possible consistent with good 
mechanical design, as the velocity of these parts is a direct func- 
tion of the diameter. This feature is characteristic of revers- 
ing mill motors, which are desiyned long and small in diameter 
to reduce their flywheel effect. 
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The weight of the armature is comparatively small, but its 
high velocity makes it an important item as is indicated in Fig. 2. 

The skip will occasionally be operated empty, the cycle being 
approximately as indicated in Fig. 3. The normal operation 
of this particular skip is two loads of coke, net weight 3000 lb. 
each, two loads of limestone, 3000 lb. each, two more of coke 
and four loads of ore, 6000 lb. each. This cycle will be varied 
to obtain satisfactory distribution of the material in the furnace, 
but is sufficiently near the average operating conditions for our 
purpose. Occasionally a load of scrap weighing 9000 lb. will 
be hoisted, but this is rare and need not be taken into con- 
sideration except as an overload for a few seconds. Fig. 4 
graphically illustrates the load cycle when hoisting a 3000-lb. 


HORSEPOWER 


Fic. 5—CHART SHOWING Dis- 
TRIBUTION OF ENERGY WHEN 


ACCELERATING 3000 LB. Loan 
A—Rheostatic loss C—Friction 
Fic. 4 B-—Inertia D—Useful work 


load. Тһе curve is plotted between time, expressed in seconds, 
and torque expressed in equivalent horse power. During the 
accelerating period the dash line AB represents the actual 
mechanical output of the motor, but, since we are interested 
in the current taken from the line, all energy values will be 

‘*expressed in the horse power equivalent of torque. Тһе area 
enclosed in the triangle АВС represents the energy dissipated 
in the starting resistors during the accelerating period. This 
is one-half of the total input while coming up to full speed, as 
indicated іп Fig. 5. 

It will be noted in Fig. 4 that the initial peak 1s only 66 h.p., 
whereas we would naturally expect it to be 105 h.p. This is 
che result of lifting the top skip off its track. 

Before dynamic braking was introduced, with magnetic con- 
trol, it was necessary to lift the skip two to four inches off the 
track when hoisting light loads to make sure the heavy loads 
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would rise to a sufficient height to dump. At present dynamic 
braking can be made severe enough to practically stop all loads 
at one position. There is nothing to gain by doing this, and 
the rope is therefore adjusted normally to lift the top car off 
the track a few inches. This utilizes the whole car as a counter- 
balance and helps to land the skips more carefully. When the 
cars are again started the top skip still acts to its full capacity 
as a counterbalance and reduces the initial current peak 
accordingly. 

“Оп a vertical hoist the line CB would be straight, the differ- 
ence in height of the two points being due to the transfer of the 
weight of the rope from the load to the counterbalance side of 
the hoist. During the acceleration period the top car comes 
down over the knuckle, which changes its effect as a counter- 
balance, and accounts for the shape of the curve СВ. 
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The line DE represents the load when hoisting at constant 
speed. As the loaded car rises and the empty skip lowers, the 
net weight of the rope gradually favors the counter-balance and 
decreases the energy taken from the line. ° 

During the period EF it is proposed to operate the control 
to obtain a gradual slow-down. When the loaded car goes up 
over the knuckle and starts to dump very little energy is re- 
quired to continue its travel, as indicated by the shape of the 
slow-down curve. During this period we have friction and net 
weight acting against the inertia of all moving parts. If the 
latter is not sufficient to carry the car to its destination the 
motor will take energy from the line. Just before the cars 
reach their final position, dynamic braking should be introduced 
to bring the apparatus to a stop, at which time the line switches 
should be opened and the holding brake applied. 
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Fig. 6 represents the 6000-lb. ore load, and Fig. 7 the occa- 
sional 9000-Ib. scrap load. Both are developed in the same 
manner as Fig. 4. The time of acceleration increases with the 
load, as the series switches will not operate so rapidly as with 
light load. 

The interval of time between hoisting varices considerably, 
but the capacity of the control installed is determined Бу the 
maximum demand which generally occurs after a breakdown. 
If the skip is not in operation for a period of time, the burden 
in the furnace may become so low that two or three hours are 
required to bring the furnace back to its normal condition. 
The rating of the control should therefore be based on the 
regular cvcle of hoisting the 3000-Ib. and 6000-lb. loads with 
an averave interval between trips of eight seconds. The ap- 
paratus will then be somewhat liberal for ordinary operating 
conditions, but this is a point which should be received with 
favor, as low maintenance and continuity of operation are im- 
portant in an application of this tvpe. 

The root-mean-square current will determine the carrying 
capacity of the switches with reference to heating. For the 
ditferent loads these values, as well as the maximum values, are 
as follows: 


R. M. 8. Maximum 

Load Н.Р; Current `: H.P. Current 
9000 76 300 128 500 
6000 57 240 110 430 
3000 42 182 102 400 
Friction 24 116 83 334 


The average heating current taken from the line during the 
heaviest cycle of hoisting the 3000-lb. and 6000-16. loads is 
210 amperes, and the maximum is 430 amperes. The acceler- 
ating switches can open immediately after the last switch is 
closed so that they only need to carry an average current of 
380 amperes, for a short time during each cycle. 

The slow-down switches should be designed to handle the 
current adequately during this period of the cycle. The values 
actually obtained depend.somewhat on the method employed 
of bringing the apparatus to rest. 

Resistance will be required during the starting and retard- 
ing periods. An average of 220 h.p-sec. must be absorbed 
during the starting period of each cycle, and 600 h.p-sec. when 
retarding. 
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Fig. 8 shows a sequence of control, starting at rest and ac- 
celerating the motor to full speed, then the slow-down and 
stopping of the load. 

The acceleration of the motor is controlled bv a current- 
limiting device. For this reason the amount of current taken 
by the motor on the first notch must be sufficient always to 
start the motor with the maximum load of 9000 lb. This 
means that the starting current should be something more than 
the value required to start the load under ordinary conditions, 
so as to take care of tight bearinys and other variations in 
the load. 

The number of accelerating | 
points that is required will be 
determined by the maximum 
current peaks permissible. 
Тһе number will also depend 
upon the characteristics of 
the particular motor uscd. 
It has becn found in practise 
that six accelerating switches 
usually give satisfactory re- 
sults on hoists of this char- 
acter, with motors of 100 to 
200 h.p. 

Series-wound switches may 
be used for all but the last ac- 
celerating notch. This last 
notch should Бе a shunt Yrm cash 
switch or its equivalent. This а 
switch is used for short cir- | 
cuiting the series field of the motor, and it 1s very important that 
the switch remain closed after the motor has been brought up to 
full speed. There are conditions of operation which mav cause 
the motor to regenerate, which will reverse the current and 
cause the series switch to open. 

After the skip has reached full speed and approaches the end 
of its travel, the motor must be slowed down in order to make 
an accurate stop. The diagram shows the slow-down is effected 
by connecting a resistance in shunt with the armature of the 
motor and opening all of the accelerating switches, which in- 
serts the series field and starting resistance between the motor 
and the line. The second slow-down step consists in reducing 
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the resistance in shunt with the armature. This shunt resist- 
ance causes a definite current to flow through the starting re- 
sistance and series field of the motor. This shunt current is 
independent of the load and the current taken by the motor, 
so that a low voltage is impressed across the motor terminals. 
This slow-down should exist for a period long enough to enable 
the motor to reach a constant speed before it 1s finally stopped. 
The motor is stopped and the mechanical brake applied when 
the line switch is opened; the resistance is maintained across 
the motor armature and the shunt field 1s energized so that a 
dynamic brake is obtained in addition to the mechanical brake. 
The acceleration and slow-down are obtained automatically by 
means of proper switches attached to the hoist mechanism. 
Тһе motor, however, can be controlled entirely from the master 
switch when desired. If the skip hoist should fail for any pro- 
longed period, while the furnace is in service it will result in 
serious damage, and for that reason every precaution should 
be taken to prevent a failure with the electrical equipment. 
The master controller and limit switches should open both sides 
of all coil circuits and the shunt brake circuit, so that a ground 
or other disturbance on the control wire will not prevent the 
motor being brought to rest. 

In equipping the skip hoist, or for other applications where 
it is necessary to perform a definite cycle of operations and 
insure the customer against failure, it 15 very necessary to con- 
sider the motor and controller as a unit. Тһе amount and 
kind of material forming the magnetic circuit of the motor will 
introduce a time element. Тһе design of the motor itself may 
fit the amount of current used during different parts of the 
cycle. The function of the controller 1s solelv that of furnish- 
ing the motor with the assistance the motor requires in going 
through its cycle of operation. As the design of the motor is 
improved, some of the functions of the controller may be іп- 
corporated in the motor, and the controller simplified. In alow- 
ing down and stopping the motor, most of the stored energy is 
in the armature of the motor. This item must be considered 
carefully so that the design will give a positive and accurate 
stop without imposing too great a strain upon the brake. 
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ALTERNATING-CURRENT CONTROLLERS FOR STEEL 
MILLS 


BY ARTHUR SIMON 


ABSTRACT OF PAPER 


The induction motor with either squirrel cage or wound fotor 
is practically the only type of alternating current motor used for 
general industrial purposes in this country and therefore the 
author has confined his paper to considerations of the control 
problems offered by induction machines. The various types 
of alternating current controller in use are described and illus- 
trated and the advantages and disadvantages of each type as 
well as its limiting capacities are discussed. А number of 
tvpical examples of installations of alternating-current con- 
trollers in mill work and allied industries 1s described. 


HE APPLICATION of electric drive in the steel mill and 
allied industries is beyond the experimental stage, and 
there cannot be today any more question regarding the general 
advisability of using the electric motor. The earlier develop- 
ment, however, made use of the direct-current motor almost 
exclusively, and alternating-current motors have been introduced 
into the industry on a larger scale only during the last few 
years. А great many different types of controllers for alter- 
nating-current motors have been developed, but their suitability: 
for all classes of work has scarcely been discussed at any of 
the meetings of the technical societies dealing with these sub- 
jects. 

From the standpoint of speed control and torque characteris- 
tics, as wcll as in regard to the ease of control for practically 
all applications, the direct-current motor has proved almost 
ideal, and it would have remained alone in the ficld had not the 
tremendous expansion of the industry required a more efficient 
power transmission svstem than is possible with direct current. 
After high-voltage alternating current had been introduced for 
the transmission of energy over larger arcas and long distances, 
it was, of course, considered advisable to use the alternating- 
current motor direct instead of installing translating. devices 
to obtain direct current for the motor drive. 
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There are on the market at the present time two principal 
types of alternating-current motors, which are quite distinct 
in their charactcristics—the commutator type motor and the 
induction motor. Little need to be said about the commutator 
type motor, because its practical development has been seriously 
delayed in this country and with a few exceptions, the lines 
which have been developed are of small capacity, and, therefore, 
do not offer any great problems to the designer of controllers. 
It would seem, however, desirable to the writer that the develop- 
ment of the commutator type motor for industrial purposes 
should be accelerated in this country, following the lead of Europe, 
where such commutator type motors are employed on a larger 
scale and with as much success as can be expected from a new 
machine. 

In this paper we deal with American conditions, and we can 
restrict our considcrations to the controller problems offered 
by the induction machine. The induction machine 1s built 
with either a squirrel-cage or a wound-rotor type of armature. 
The former may be used for constant-speed work and the latter 
for either constant or varying speed work, but neither one is 
adaptable for adjustable speed work. 

The squirrel-cage motor on account of its simplicity, the ab- 
sence of a collector, and its staunchness, is the most desirable 
machine for steel mill service. Its disadvantages are usually a 
low starting torque and a high starting current. It can not 
_therefore, be employed where heavy starting friction has to 
be overcome, and it is, of course, not suitable for the frequent 
reversal and acceleration of heavy masses. The slip-ring type 
motor, on the other hand, does not have these disadvantages, 
but 1% requires a collector which is the cause of frequent trouble. 
On account of the necessity. of short circuiting the armature 
over the slip-rings, brushes and some external connections, the 
rotor losses are greater than they are in an equivalent squirrel- 
cage machine, and the efficiency of the slip-ring motor is there- 
fore somewhat lower. In very large systems, the voltage in 
the armature is relatively high, in order to reduce the current 
to a reasonable value, and this leads to insulation troubles on 
the slip rings. 

The question of control must also take into consideration 
purely commercial points. We must weigh the relative ad- 
vantages of low first cost, power consumption, labor and attend- 
ance and the renewals. The effects of these different points 


1915] SIMON: A-C. CONTROLLERS 733 


are more or less contradictory to cach other, and they, therefore, 
have to be weighed carefully before deciding upon a particular 
type of motor and controller. 

All types of controllers may be divided into two classes; hand 
‘and automatic controllers. There is no strict dividing line be- 
tween the two classes, as there are a great many devices in which 
some functions are performed manually and other functions of 
the same controller are automatic. We therefore speak of semi- 
automatic controllers, which take a position halfway between 
the manual and the automatic devices. 

From the standpoint of first cost, the hand controller is usually 
the cheapest, but, on the other hand, the cost of attendance 
for its operation, the usually increased power consumption duc 
to improper operation and the cost of renewal, due to unwise 
handling of the controller, may be more than sufficient to counter- 
balance the increased cost of a full automatic controller for 
the same work. | 


FAcE-PLATE TYPE CONTROLLERS 


The simplest and earliest type of controllers are of the face- 
plate type. These controllers are used in connection with 
squirrel cage motors for the control of resistance in series with 
the primary circuit, and with slip ring type motors, in which case 
thev are usually arranged to handle only the secondary circuit. 

The controller usually is sclf-contained, with the resistance 
mounted back of the panel. It is necessary to install a separate 
switch to handle the primary circuit. 

A modification of the face plate type controller which js 
particularly suitable for large capacities, and which is being 
built in sizes up to several thousand horse power, is the controller 
illustrated іп Fig. 1. This is the multiple-lever type in which а 
series of switches similar to those on circuit breakers control 
the starting resistance. These levers are equipped with lamin- 
ated-brush main contacts and carbon-to-metal auxiliaries, which 
are easily renewable, and which handle the arc due to the com- 
mutation of the resistance. The great advantage of this con- 
troller is that the starting resistance cannot be cut out too 
suddenly, because the operator has to close one handle after the 
other, which requires some appreciable time. The controller 
illustrated is equipped with a no-voltage release, which, is 
connected in the primary circuit, so that all of the resistance 
15 inserted when the primary switch 15 opened or when the pri- 


734 SIMON: A-C. CONTROLLERS [April 16 


mary power supply fails. It 1s advisable to install a no-voltage 
release primary switch, so that the motor is entirely cut-off 
the line in case of failure of power. Upon the closure of the 
primary switch, all resistance is already inserted in the circuit, 
and the motor may be started up in the usual manner. | 

The starting of squirrel-cage motors with resistance in the 
primary circuit is to be recommended only for small machines 
which start without load. The squirrel-cage motor 1s usually 
designed to start with between 14 and 3 times its потта! torque, 
and a corresponding starting current varving from 7 to 33 
times its normal current. The higher the current, the lower is 
usually the starting torque. For a given motor this starting 
torque is proportional to the square of the inrush current or 
starting voltage, and therefore a comparatively slight decrease 
of the inrush current by means of resistance will cause a large 
decrease of the starting torque. Hence this method is not to 
be recommended. where motors have to start frequently and 
under heavv load. | 

The face-plate type controller for use in connection with 
slip-ring motors, on the other hand, is a very satisfactory device 
if only infrequent starting is required. As with all face-plate 
type controllers, the limitation of this type lies in the fact that 
very heavy currents cannot easily be handled on sliding con- 
tacts, the multiple-lever tvpe 16 used where the current to be 
handled becomes too high. Тһе face-plate type controller тау 
also be used for speed regulation. For larger sizes we would 
rely also upon the multiple lever type controller. 

Fig. 2 shows how the face-plate type speed regulator may be 
interlocked with overloads and a primary switch so as to per- 
mit of starting and stopping from a distance. 

It would seem possible to stop the shp-ring type motor by 
simply opening the secondary circuit, but this is not considered 
good practise because the closing of the primary circuit of an 
induction motor with the sccondary circuit open may give rise 
to serious voltage surges which endanger the insulation of the 
motor windings. Controllers should therefore always be ar- 
ranged so that the primary circuit is opened for stopping. The 
opening of the secondary circuit without opening the primary 
circuit has another disadvantage, namely, that the motor con- 
tinues to be excited trom the primary circuit and there is a 
great loss of energy due to the iron losses on both the stator and 
the rotor. The rotor iron losses are higher at standstill than 
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they are when the motor is running at full speed, as the fre- 
 quency in the rotor at standstill is equal to the primary fre- 
quency. Unless the motor is designed very liberally, the lack 
of ventilation may cause a burnout, though only the magnet- 
izing current is flowing in the primary circuit. 

Where infrequent starting is requircd, the resistance has 
sometimes been immersed in oil in order to give a higher start- 
ing capacity, although this method has never found a great 
deal of favor in this country on account of the inconvenience 
of the oil tank. Тһе only advantage claimed by its advocate 
is che saving 1n spacing and cost. The saving in space, Fow- 
ever, is only small, and under American manufacturing condi- 
tions there is no saving in cost, as the oil tank and increase in 
weight generally causes an increase in cost which far outweighs 
the saving in resistance materials. Furthermore, in large 
capacities, the controller can only be arranged for floor mount- 
ing, and in this case, it cannot compare with the open-type 
starting resistance which permits of a very light and pleasing 
design, and which can be arranged for mounting in any position. 

А face-plate controller of special design is sometimes used 
for crane work wherc slip-ring motors have to be reversed 
frequently. This controiler has two fronts, one of which serves 
as a reversing switch for the primary circuit, while the second, 
provided with a three-arm lever, controls the secondary circuit 
of the motor. Тһе controller is equipped with renewable s.g- 
ment and skate-shoe tvpe of contacts. This controller is suit- 
able for smaller capacitics of crane motors up to perhaps 50 h.p. 
Its only disadvantage is that the contacts are exposed and an 
operator might easily touch them. І: has, therefore, been con- 
sidered preferable ir late vears to enclose the contacts entirelv 
and so this controller has been replaced more or less by the well 
known drum-type controller. Тһе general design of this con- 
ігоПег is so well known that it hardly needs апу comment. 
The contacts controlling the secondary resistance аге arranged 
so that the latter is cut out in rotation, onc step in one phase 
at a time. Тһе different phases are therefore only balanced 
on а limited number of points, but this is not objectionable if 
the stepping in the different phases 1s arranged so that a mini- 
mum of unbalancing is obtained at all times. It has been found 
that an unbalancing up to 40 per cent in the relative values of 
the currents in the three rotor phases does not seriously affect 
the operation of the motor. 
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Where large amounts of energv are handled in direct-current 
drum controllers, a blow-out is used to extinguish the arc due 
to the opening of the circuit. Such blow-outs are not so easily 
adapted to drum controllers for alternating current апа there- 
fore some other means have to be adopted for handling larger 
currents. The problem has been solved easily by the use of 
an oil switch, and it is now universal practise to interrupt the 
circuit of larger motors in ой. For this purpose an oil switch, 
containing the primary contacts, is usually mounted below that 
portion of the drum which handles the secondary circuit, or 
behind the drum. In the first case, the switch is, usually, also 
of drum construction, the same as the rest of the controller. 
In the latter case, the switch may be in the nature of an oil 
circuit breaker construction. Тһе drum controller lends itself 
not only to the control of motors for intermittent service such 
as cranes, etc., but also to the spced regulation where the motor 
runs at a definite fixed speed for the greater length of time. The 
construction of these speed-regulating drum controllers 1s the 
same as those for intermittent service. | 

Гір. 3 shows а larger size drum controller іп which the pri- 
mary circuit is arranged at the bottom, and is immersed in 
oil. The oil tank which screws to the top plate of the bottom 
portion is not shown in the illustration. 

When drum controllers are used for intermittent service, 
such as cranes, and the circuit has to be interrupted frequently, 
care must be taken in the design of the primary switch, especially 
if it is immersed in oil. The energy which is dissipated on the 
interruption of the circuit in the oi] must be carried away, as 
heat, through convection and radiation. If the cooling sur- 
faces of the oil tank are too small, the oil temperature may be 
raised to a dangerous point which may cause an explosion. 
This will blow all of the oil out of the tank, and may cause the 
destruction of the oil switch, or a fire. In order to avoid this, ` 
the tank must not only have sufficient oil capacity, BEND it must 
also have ample radiating surface. 

‘While touching on the question of oil for breaking the motor 
circuit, we shall discuss at some length some other questions 
bearing on the design of oil switches in general for controller 
work. In the design of oil switches used for circuit breakers 
the designer usually endeavors to reduce the amount of oil 
required to a minimum on account of the fire risk. Such circuit 
breakers operate but very seldom, and therefore the heat storage 
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capacity of the oil and the radiating capacity of the tank are 
of minor importance. This is different in case of oil switches 
used for controller work, for they have to operate frequently. 
In this case, we have to design the switch with ample heat 
storage and radiating capacity, and a switch which may be very 
satisfactory as a circuit breaker would not necessarily stand 
up under controller service conditions, as has been proved by 
the frequent failures in cases where primary oil circuit breakers 
have been adopted for drum control for intermittent service 
without any modification. 

Figs. 4 and 5 show respectively a small and a large capacity 
switch constructed with the above mentioned points in view. 
It will be noted that the contacts are arranged in such a manner 
that the arc is formed horizontally and not vertically as in the 
usual circuit breaker construction. This has proved to be very 
valuable, as the arc is apparently extinguished quicker, and 
therefore the oil is not carbonized as rapidly as with a vertical 
break. | 
The switch shown in Fig. 5 has been built in capacities ир 
to 500 amperes at 6600 volts. In an installation where the 
switch handles a 1000-h.p. three-phase motor, and where it has 
been installed for five or six years, it controlled this motor cir- 
cuit some fifty thousand times, and not the slightest amount of 
carbon has been found in the oil surrounding the contacts, al- 
though a good deal of deposit is found at the bottom of the 
tank. The reason for this is, that with the movement of the 
contacts as arranged in this switch the oil deposits are not 
stirred up as violently as they are in the usual oil circuit breaker. 


SOLENOID TYPE CONTROLLERS 


Drum controllers ате now manufactured in capacities up to ` 
several hundred horse power, but as the sizes of the motors 
to be controlled increase, the contact parts become larger and 
more numerous, and therefore the power to be exerted for op- 
erating the drums also increases tremendously. Тһе limit- 
ing capacity for the operation of a drum controller is the power 
which can be exerted without strain by the operator. Another 
limiting feature in the use of the drum controller is the wearing 
of the contacts. The contacts at the different points are made 
and broken slowly, and this necessarily increases the amount 
of wear due to the arcing, where very large powers have to be 
handled. The arcing and the resulting wear, is consequently 
severe. 
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Where the drum controller is insufficient to handle the re- 
quired capacity, or where very frequent operation is necessary, 
and it would tire the operator when handling a large drum, a 
multiple solenoid type of controller is resorted to. This con- 
sists of a number of solenoid operated, or clapper switches, as 
illustrated in Fig. 6. 

Fig. 7 shows panels with a number of magnet switches mounted 
thereon. The switches shown in the illustration are suitable 
only for low-voltage currents, usually up to 550 volts. Where 
higher voltages have to be handled the solenoid-operated oil 
switch is by far preferable and is the most universal device. 
We show, however, in Fig. 8 an air-break switch arranged for 
2200 volts, which switch has been used successfully in several 
instances. 

The multiple solenoid controller consists of a number of clapper 
switches as illustrated. The magnets of the clapper switches 
are energized from a pilot controller, which, therefore, has only 
to handle the magnetizing current of the magnets. The pilot 
controller consists of a small drum or similar device. 

The simplest form of the multiple solenoid controller is non- 
automatic in operation. The energizing of the different clap- 
pers, and the speed of cutting out of the resistance is left en- 
tirely to the skill of the operator. For large systems this mode 
of operation 15, of course, objectionable because too rapid hand- 
ling of the master controller will cause excessive current surges 
on the line, and undue stress on the motor and machinery. 
Therefore, automatic control is resorted to. This type of con- . 
troller is the most important to the steel mill engineer. The 
automatic feature of the controller consists of one or more 
current-limiting relays, which are connected cither to the primary 
or the secondary circuit of the motor, and which prevent too 
rapid cutting out of the resistance. The operation of this 
current-limiting relay 1s well known, and it has been used on 
direct-current motors for a good many years. We shall there- 
fore discuss here only those features which distinguish it when 
used in alternating-current. systems. 

The largest field for the current relay controllers for alterna- 
ting-current motors is, of course, the shp-ring type. In this 
motor the primary circuit is connected direct to the line while 
resistance is inserted in the secondary circuit and is gradually 
short circuited, to accelerate the motor to its tull speed. Both 
the primary and secondary current vary with the load and the 
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speed under normal conditions. The secondary current is 
approximately proportional to the torque exerted by the motor 
in about the same way as in а shunt-wound direct-current 
motor. Тһе secondary current becomes zero when the motor 
runs idle. The primary current, on the other hand, is not a 
straight line function of the torque because the primary circuit 
supplies, besides the load current, the magnetizing current of 
the motor. This magnetizing current in modern motors is 
about 30 per cent of the full-load current. _ 

There are today two methods of operating automatic con- 
trollers with current-limiting relays; one method 1s by putting 
one or several relays in the primarv circuit, and the other method 
by putting the rclays in the secondary circuit of the motor. 

Fig. 9 shows a relay arranged for connection to the primary 
circuit. The primary relay requires for a certain range, between 
maximum and minimum torque, at which the relay is to act, 
a more accurate adjustment than the secondary relay, because 
the primary current does not fall off as rapidly as the torque. 
It has the further disadvantage that 1t cannot be cut out when 
‘it has done its work, except by the addition to the controller 
of another switch of sufficient capacity to handle the primary 
circuit. Тһе installation of such a switch 1s objectionable on 
account of its cost. The primary relay, therefore, has to be 
designed for continuous service which makes it rather bulky 
and sluggish on that account. Оп the other hand, the second- 
ary relay can be connected so that it is cut out by the same 
switch which cuts out the secondary starting resistance, апа 
therefore would have to be designed for very intermittent duty 
only, and would be correspondingly light and sensitive. 

Fig. 10 shows a multiple-relay tvpe of controller with relays 
in the secondary circuit, one relay being employed for cach step 
of resistance, and the different relays are so connected that they 
always form the star point of the resistance in circuit, and are 
cut out when the corresponding resistance step is cut out of 
circuit by the succeeding clapper switch. As the relay itself 
forms the star point of the resistance, and therefore the potential 
difference between any two points of the relay is only equal 
to the drop in the relay coil, it is necessary to insulate these coils 
only very lightly from each other. 

The relay in the secondary circuit has an apparent dis- 
advantage due to the change in frequency of the current in the 
secondary circuit. When a motor operating on a 25-cycle 
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circuit having a slip of 5 per cent reaches normal speed, the 
frequency in its secondary circuit is only 1% cycles per second. 
As the relay has, of necessity, very light moving parts, this low 
frequency would cause it to pump up and down, unless it was, 
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provided with some means for limiting such pumping, such as 
a shading coil, which at low frequency is really not very effective. 
Another way to avoid the pumping is to make use of the fact 
that the total pull exerted by three equal coils which are con- 
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nected in the three phases of the secondary circuit is constant 
as long as the current is balanced and constant. These relays 
are wound with three coils which are connected together at one 
end, while the other ends are connected to the respective clap- 
pers and resistances. The relay has an absolutely constant 
pull regardless of the frequency of the secondary circuit. It can 
therefore be made more sensitive than a relay which is connected 
to one phase only, and is provided with shading coils or other 
means to prevent it from chattering. As mentioned above, 
the use of the shading coil will not really protect against chatter- 
ing. In order to get a constant pull with this arrangement it 
will be necessary to have the shading со? flux displaced 90 deg. 
from the main flux, and to have both of equal magnitude. 
This result cannot be accomplished, and therefore the relay 
will have a tendency to chatter as the frequency in the secondary 
circuit decreases with increasing motor speed. The pull on 
the plunger of the relay varies therefore between a given mini- 
mum and maximum, even with constant effective current flow 
in the secondary circuit, and when the frequency is low, and 
the inertia of the plunger which tends to hold it up is relatively 
small, the relay wul drop before the effective current in the 
secondary circuit is equal to that for which the device is adjusted. 
Hence such a relay will alwavs work more or less erratically, 
and at the best 1t will require a much wider limit of setting than 
the three-phase relay described above. 

It is, of course, not necessary to have the three coils of the 
secondary relay connected so as to form the neutral point of 
the resistance. In some cases it is necessary to have the. three 
coils insulated from cach other. This is the case where the 
relay is used as a * jamming ” relav, in which case it has to be 
connected ahead of all of the resistance and directly behind the 
slip-rings of the motor. Where the secondary circuit has a 
relatively high voltage, and in motors of large capacity, it is, 
of course, possible to connect the relays to current transformers 
inserted in the secondary circuit instead of connecting them 
directly into the latter. This is particularly valuable in case 
of the “jamming ” relay, which otherwise would alwavs have 
to be insulated for the maximum sccondary voltage. 

There is still a good deal of discussion as to the advisability 
of using a single relay controlling several steps of resistance in- 
stead of a separate relay for cach step. It seems to the writer 
that the latter method 15 to be preferred, because it is possible 
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to set the different relays for different currents. This is a par- 
ticularly valuable feature in machinery such as centrifugal. 
pumps and so on, where the torque required to accelerate the 
motor varics between the low speed and high speed. Each 
relay is then sct for the different accelerating currents, a feature 
which cannot be obtained with a single relay in the primary or 
secondary circuit. 

The simplest kind of current relay controller is a non-reversible 
self-starter for use in connection with machinery which always 
revolves in the same direction. Instances of this kind are cen- 
trifugal pumps, blowers, compressors, and soon. The operation 
of such machincry represents nothing that is novel in the art, 
and it therefore need hardly be discussed here. The controller 
consists of a suitable clapper for the primary motor circuit 
operated by a low-voltage magnet coil, and it has a number of 
switches controlling the resistance in the secondary motor 
circuit. The secondary circuit of the motor is usually designed 
for comparatively low voltage, and therefore the usual clapper 
{уре construction, as illustrated, may be emploved. 

The secondary switches are controlled by three-phase series 
rclavs connected and constructed as described above. 

Where the supply circuit has a voltage above 550, it is neces- 
ary to employ a step-down transformer which supplies current 
for the pilot circuit operating the magnets. In a previous para- 
graph we have already touched upon the considerations which 
bear on the construction of such high-tension switches. 

A type of controller which finds more frequent application in 
steel mill practise than the non-reverse automatic starter is the 
reversible automatic controller. Its usual application is for 
intermittent service requiring very frequent starting and, quite 
often, speed regulation at all controller points. The service 
performed is very much more severe than that of non-reversible 
controllers. Instead of putting 1n one switch for the primary 
circuit, two switches suitably interlocked are used, one for cach 
direction of rotation of the motor. The secondary circuit of 
the motor is controlled in the same manner as on the ror- 
reversible controller. The resistance has to be designed with 
a considerably heavier capacity, and in some cases requires even 
continuous carrying capacity on all points. Such controllers 
are used in connection with mill tables, cranes, hoists and other 
machines. 

The various applications of this controller in steel mills and 
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allied industries requires many special features, and we shall 
further discuss some of the typical applications of these con- 
trollers. i 

Electrically-operated shovels and drag lines have not been 
discussed very much in clectrical literature, though they pre- 
sent some very interesting problems, and since the writer has 
some interesting data on hand, we shall discuss these. The 
first shovel installations used direct-current motors, and it was 
considered not only desirable but absolutely necessary to build 
the controller and the motor so that the electric shovel would 
exactly duplicate the operating cycle which was found the 
most suitable for the older steam machines. The first installa- 
tions were not quite as successful as had been expected, and 
designers have gradually come to the conclusion that 1t is best 
to somewhat modify the operating cycle of the shovel, or, at 
least, the mechanical design of the shovel in order to fit the 
electric motor. On account of the necessity of transmitting 
the power to the shovels, usually over long distances, most of 
the shovels which were installed in late years are equipped with 
alternating-current motors, and these are the ones which we 
shall treat here. 

Shovels of capacitics ranging from 60 to 100 tons are equipped 
with three motors, one for hoisting, one for the swinging and 
one for the thrust motion. Except on the smaller machines, 
all motors are controlled by full automatic controllers. On the 
smaller machines, the thrust motion has a drum controller. 

Fig. 11 shows the controller panels for a 100-ton shovel. 
The main hoist motor is equipped with a non-reversible, auto- 
matic self-starter, which in turn is controlled by a multiple 
speed master drum. This controller is provided with a number 
of “jamming” relays, which reinsert resistance in the rotor 
circuit of the motor when a certain maximum torque is reached, 
so that if the motor is stalled by encountering an excessively 
heavy obstruction in the stone bank, the torque 1s automatically 
increased up to the maximum torque which the machine can 
stand. This avoids the stalling of the motor with the resistance 
short-circuited, which would result.in the opening of the cir- 
cuit breaker and the loss of power. The hoist motor is non- 
reversible, because there is always a sufficient load on the motor 
to overhaul it and to lower the bucket of the machine when 
the brakes are lifted and the power supply to the motor is cut off. 

The swinging motion is controlled by a full reverse auto- 
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matic self-starting controller, also provided with a master drum 
controller which permits of running at any speed. The use of 
current-limit relays has proved particularly advantageous in 
this instance, because the inertia of the boom of the shovel is 
quite high, and therefore it would be quite possible for the 
operator to accelerate too fast and to lift the shovel off the 
track, if no current-limit relays were provided for. 

This is still more important in case of the drag line, the boom 
of which has a still greater inertia on account of its extreme length. 
In other respects the drag line operation is the same as that of 
the shovel, except that it has no thrust motion, the bucket 
being operated only by the manipulation of the hoisting machine. 


KILOWATTS 


Fic. 12—CuRRENT CONSUMPTION OF AUTOMATIC SHOVEL 


The thrust motion of the shovel is also controlled by a reverse 
controller with a few steps. In this case it is designed so that 
the motor speed is about inversely proportional to the torque, 
and therefore the motor is run with sufficient permanent resist- 
ance in the secondary circuit so that its speed-torque curve 
with the controller in the maximum speed position is nearly 
a straight line, and the motor exerts the maximum torque when 
stalled. In this way it is possible always to have the bucket 
follow the uneven curvature of the bottom of the pit, when the 
hoisting machine is operated, without the danger of wrecking 
the machinery by exerting undue stresses on the thrust or hoist 
motion. 
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The diagram of Fig. 12 relates to the power consumption of 
an electric shovel equipped with automatic controllers. А 
second shovel of the same bucket and motor capacity and 
of the same weight, is of German make, and we therefore 
shall call it the “ German" shovel, whereas the first shovel 
with automatic controllers is of American make, and we 
call it the “ American" shovel. The tests were made on high 
grade iron ore in the Swedish iron mines in Lapland, and the 
following results were obtained. 


COMPARISON OF ELECTRIC SHOVELS IN SWEDEN 


German ` American 

Maximum реаК............... 390 kw. 380 kw. 520 kw. 480 kw. 
Next four реаКө............... 370 kw. 340 kw. 460 kw. 420 kw. 
Amount of excavation.......... 36.5 tons 36.5 tons 37.4 tons 36 tons 
Average іоай................. 105.4 kw. 105.4 kw. 157 kw. 164 kw. 
Time to load 5 сагв............ 20 min. 22 min. 94 тіп. 111 min. 
КУЗПЕ зге юн EX REED 35.1 min. 38.6 min. 24.8 min. 30.8 min. 
Ew-hr. per ton............... 0.96 1.06 0.662 0.855 


It will be noticed from the above table, that, while the maxi- 
mum current peaks of the automatic shovel are higher, the 
shovel handled nearly twice the amount of material in a given 
time as was handled by the non-automatic shovel, and the 
power consumption per cubic vard of material handled is con- 
siderably less on the automatic shovel. If the cost of power, 
depreciation, interest, labor and other items, were added, it 
would be found that the operation of the automatic shovel is 
considerably cheaper than the operation of the non-automatic 
shovel, and that in this instance, and in a good many others, 
the increased cost of the more expensive installation more than 
pays for itself within the first vear. 

An important machine for steel mills, and mine service is 
the electrically driven pump. When installed 1n the mine the 
pump controller has to be designed along the same lines as the 
controller’ for mine fans, and special provision has to be made 
for automatic re-starting after failure and subsequent restora- 
tion of the current supply. In some instances it is possible to 
have the pump started by hand operation under no-load con- 
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ditions. In this case, the operator will close the inlet and outlet 
valves of the pump before it is started. We have reference here 
primarily to centrifugal pumps, which are used more and more 
universally todav. Under the conditions outlined above, the 
pump requires only a verv low starting torque and therefore it 
is very often possible to employ a squirrcl-cage motor with 
compensator type starter. Under some special conditions the 
pump may even be started with a very low torque without ma- 
nipulation of the inlet and outlet valves, and it may, at the same 
time, be desirable to use an automatic controller, thereby doing 
away with the necessity of a constant attendant. In recent 
years automatic compensator type starters have been adopted 
and have proved to be quite successful. It has been found 
that such starters тпау be operated either with current- or 
time-limit relavs. In controlling the acceleration, the current- 
limit relay has the advantage of keeping the current peaks 
always within predetermined limits irrespective of the time it 
takes the motor to accelerate, and irrespective of any possible 
variations in the starting torque. Оп the other hand, if for 
any reason the starting torque required should increase appre- 
ciablv, the current relay might not permit the controller to apply 
full voltage to the motor terminals and, therefore, the motor 
would always run on the low-voltage tap of the starter, and 
both the motor and the scarter might ultimately burn out. 
This danger is enhanced by the fact that the current of the 
motor changes only slightly during the first part of the accelera- 
ting period and therefore the current relay has to act on very small 
changes of current; in other words, has to be very sensitive. 
This extreme sensitiveness cannot always be maintained under 
ordinary operating conditions, and with only disinterested sup- 
ervision it seems more desirable to use the time-limit relay ac- 
celeration for such controllers, despite some inherent disadvan- 
tages which such controllers undoubtedly have. If the starting 
torque required of the motor is liable to varv, the current which 
it takes with the time-limit relay also varies. This is the main 
objection to the time-limit relay acceleration; but, on the other 
hand, as long as the relay operates at all, it 15 not possible for 
the motor to run indefinitely on the starting tap of the starting 
transformers, but after a certain time, which normally should 
be sufficient to bring the motor up to proper speed, it will be 
brought to the full speed point, and the transformers are cut 
out, thereby eliminating the danger of burn-out due to low 
voltage. 
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On the other hand, if the motor should not start at the first 
controller tap, it would start when it is thrown on a higher 
tap or on the full voltage. This may not be always the best 
thing for the mechanical parts of the machinery, but with 
proper mechanical design, it would in no event be so disasterous 
as the stalling of the motor and of subsequent burning out, due 
to the inability to start at low voltage, as in the case of current- 
limit acceleration. | 

While we are dealing with the handling of raw materials апа 
the operations in the mines, we wish to call attention to a very 
interesting problem involving semi-automatic or automatic con- 
trollers for an entire series of motors; this is the motor drive of 
a line or several lines of belt conveyors. In cases where a great 
many belts are driven by individual motors, it is desirable to 
prevent an accumulation of material on any one of these belts, 
due to the shut-down of its corresponding motor. It is there- 
fore necessary to interlock the controllers for the various belts 
in such a manner that in case of stoppage of any motor all pre- 
ceding belts also come to a standstill, stopping the delivery of 
material to the belt in trouble, so that the motors can only be 
started in the reverse rotation in which the material is handled 
bv the various belts. A number of such installations have re- 
cently been completed for coal and ore belts. In one notable 
installation, covering some thirty belts, the interlocking spoken 
of has been accomplished by means of centrifugal governors, 
which are driven by the countershafts on the belts, and which 
when standing still open any interlocking circuit which is in 
circuit with the preceding motor. In another instance, all 
belts, crushers, etc. belonging to the system are controlled bv 
compensator type starters, the no-voltage rcleases of which are 
' interlocked so as to get the results desired as outlined above. 
This shows to what extent automatic controllers can be adapted 
to the steel mill industry to supersede inefficient labor. 

The electric drive of the coal and ore bridge has received а 
great deal of attention of late years. This problem is important 
because most of the raw material is transported by water on the 
Great Lakes, and since the shipping season is comparatively 
short, it is desirable to load and discharge vessels as quickly as 
possible to get the highest rate of return from them. The 
loading and unloading equipments therefore have been designed 
to enable much more rapid handling of material than is found 
anywhere else in the world. I hardly need to mention here the 
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feats that are being accomplished almost daily in the unloading of 
ore and coal vessels, and there is being presented today another 
paper dealing particularly with coal and ore handling machinery. 
One of the most important installations in the blast furnace 
plant is the skip hoist, on the operation of which depends the 
smooth running of the furnace. Skip hoists are also used in 
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mines, cement plants, and so on. The writer 15 not familiar 
with any alternating-current installation on blast furnace skip 
hoists, but there have been made some notable installations of 
skip hoists particularly in cement plants. 

Fig. 13 shows a diagram of a balanced automatic skip hoist 
in а cement plant. These hoists are designed for a maximum 
pull on each rope of approximately 11,000 ky. (25,000 Ib.) 
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These rope pulls are balanced by the weight of the descend- 
ing skip on the other side, so that at the time of starting, 
the unbalanced rope pull which the motor has to handle 15 
approximately 7000 kg. (17,750 1b.) Each hoist is designed 
to handle 7200 kg. (16,000 1b.) of stone per trip. The skip 
weighs 5400 kg. and the incline is 673 per cent from the 
horizontal. The hoists are equipped with а 125-h.p., 550- 
volt, 60-cycle, three-phase motor, continuous duty, and the 
gear is designed to give a maximum rope speed of 200 
ft. per min. The actual hoisting distance is 139 ft., and each 
hoist 1s designed for a capacity of 400 tons per hour. The opera- 
tion of the hoist is entirely automatic, the starting being 
initiated bv the loaded car, and a solenoid brake is mounted 
on the motor shaft to bring the hoist to rest. The hoist stops 
always within three inches of the same point. Bv slightlv 
overloading the skip each hoist has handled 4700 tons of stone 
in ten hours. | 

Another very important application is the electric drive to 
mine hoists. Where very large powers have be to handled special 
arrangements are usually made, such as the installation of an 
Ilener system, which is always to be recommended, except where 
the power supplv is practically unlimited, and can therefore 
take care of the rapidly fluctuating load of the hoist. For smaller 
powers the slip-ring type motor is quite suitable, with a series- 
relay type reversible hoist controller. The satisfactory opera- 
tion of the series relays may best be judged by the fact that in 
a certain installation the current peak at starting never exceeds 
80 amperes, the maximum current which is allowed by the power 
company. Some figures relating to this hoist may be of interest. 
The hoist was guaranteed to require not in excess of 90 amperes 
when handling 3200 kg. (70001b.) when operating balanced or un- 
balanced; the maximum rope pull at the drum would not exceed 
3700 kg. (8200 Ib.) in the latter case. The current input specified 
is measured on the primary side of the transformer, with a pri- 
mary voltage of 2080 volts, at 60 cycles. The calculations 
showed that, on the guaranteed condition of load, the maximum 
current peak should not exceed 80 amperes which checks up 
exactly with the graphic curve. The motor is 200 h.p., 440 
volts, 60 cycles. `The controller, in addition to the switches 
handling the motor circuits, is equipped with a high-tension 
type magnet switch which cuts off the current of the trans- 
former whenever the motor stands still, so as to avoid the pri- 
mary losses of the transformer. 
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The most important motor application in the steel mill is the 
main drive for the rolling mill. A great deal of discussion has - 
taken place during the last ten years regarding the most advisable 
arrangement for this installation. European practise today uses 
the two-high mill driven by reversing direct-current motors, 
which are supplied from a motor-generator set with flywhecls, 
and which are controlled according to the variable voltage sys- 
tem. On the other hand, in this country, operating men have 
preferred a three-high mill driven by a constant speed motor 
running always in the same direction. This enables the use 
of high-voltage alternating-current motors directly supplied 
from the power station and climinates the motor-gencrator, 
thereby eliminating several links from the transmission system 
and increasing its insurance against break-down. It is usually 
pointed out that such an installation is more rcliable and cheaper 
in operation on account of its higher efficiency, but it is the 
writer’s belief that there is no universal solution for all cases, 
and there can be no doubt that where conditions are suitable, 
the Ilgner system is equal if not superior to the Amcrican system 
of constant speed motors with the three-high mill. 

We do not propose to discuss at length any of these installa- 
tions, but we give operating data of such an installation, con- 
sisting of two 500,- one 750- and one 1000-h.p. motors. The 
motors are 2200-volt, three-phase, 25-cycle machines. The con- 
trollers are arranged for. forward and reverse rotation and also 
for automatic braking. The reverse is required only for emer- 
gency; for instance, when the mill becomes clogged. In this 
case, the primary circuit of the motor is reversed and it is pos- 
sible to accelerate the motor up to full speed in the reverse direc- 
tion, if this should be desired. 

Automatic braking is obtained bv energizing two of the three 
phases of the stator with direct current from a low-voltage 
source of supplv, and then gradually cutting out the resistance 
іп the rotor circuit of the motor. Тһе motor then operates as 
a synchronous generator with variable frequency. 

А number of steps of permanent resistance are employed, 
which may be cut in and out by knife switches. Тһе purpose 
of this resistance is to adjust the average slip of the motor, so 
as to enable the flywheel, which is put on the motor shaft, to 
smooth out the current peaks during the cycles of operation. 
Depending upon the material to be rolled, the average load on 
the motor is higher or lower, and therefore it becomes necessary 
to adjust the slip resistance to the average load. 
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The controller is operated through a master drum having 
two handles, one for acceleration, and the other for setting the 
direction of rotation. This second handle will also complete 
the dynamic braking connection in its center position. The 
two handles are interlocked in such a manner that the accclera- 
ting drum must always be returned to the position in which all 
accelerating switches are opened and all resistance inserted in 
the rotor circuit before the direction switch can be operated. 
The acceleration and the dynamic braking may be entirely 
automatic. It is only necessary for the operator to bring the 
accelerating drum handle to the full speed position, and the 
motor is then accelerated or slowed down by the automatic 
action of the current-limit, relay in the secondary circuit. This 
tends to keep the torque, during acceleration and braking con- 
stant. The high-voltage switches emploved in the primary 
circuit of this installation have been described before. It should 
also be pointed out that the controller 1s equipped with overload 
relays connected in such manner that the drum has to be re- 
turned to the off position to enable restarting after the over- 
- load relays have operated. 

Some data relating to the motors are as follows: One 500-h.p. 
motor, 365 rev. per min., flywheel 10-ft. diameter, 10,000-Ib. 
rim; one 500-h.p. motor, 12-ft. 8-in. diameter flywheel, 30,000- 
lb. rim; one 750-h.p. motor, 244 rev. per min., 12-ft. 8-і. fly- 
wheel, 30,000-Ib. rim; one 1000-h.p. motor 180 rev. per min., 
17-ft. flywheel, 60,000-Ib. rim. | 

The 1000-h.p. motor requires about five minutes for its 
acceleration with an initial inrush of 750 kw., and subsequent 
peaks of approximately 600 kw. The current pcaks of the 
other motors are proportionate. According to the report of 
the engineer in charge, the controllers for these motors, after 
the installation was completed and adjusted, never required 
any attention, except usual inspection, during the five or six 
years of installation. This would indicate that alternating- 
current controllers can be built today sufficiently reliable for 
the most severe service conditions. 

We have outlined in this paper some of the typical installa- 
tions of alternating current controllers, and we have touched 
upon some of the typical points in the design of such controllers, 
and the author will be glad if the paper funishes the basis of a 
general discussion on the subject. 
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I. 


ELECTRICAL PORCELAIN 
TESTING WITH A HIGH-FREQUENCY OSCILLATOR. 


II. 


THE PROBLEMATICAL POINTS OF MANUFACTURE. III. EX- 


PERIENCES AND EXPERIMENTAL INVESTIGATIONS 


BY E. E. F. CREIGHTON 


ABSTRACT OF PAPER 

Part I treats of the reasons for using the high frequency oscil- 
lator for testing porcelain insulators. The oscillator is a com- 
bination of a 60-cycle transformer, a condenser, a spark gap, and 
an oscillation or coreless transformer. "The 60-cycle potential 
charges the condenser and the condenser discharges through the 
gap and the coreless transformer. This sets up high frequencv 
wave trains of the same nature as the wave trains that take place 
on the transmission line. This high frequency potential strain 
is the only kind that damages the insulators. The 60-cycle poten- 
tial is always far below the puncture potential and arc-over po- 
tential of the insulators. 

In Part II it is shown that the principal factors in the manu- 
facture of porcelain which affect the final product are: 

1. The choice of ingredients,—ball clay, china clay, feldspar, 
and flint. 

2. Is the problem involved in getting a homogeneous mixture 
of these pulverized materials. 

3. Is the problem of drying out the moisture without causing 
unequal contractions which crack the green porcclain. 

4. Is the early dehydration in the furnace in which as much 
as 14 per cent of moisture is given out. 

9. Proper time and temperature for vitrification. 

The mechanical processes through which porcelain is carried 
are of the greatest importance іп getting good electrical porce- 
lain. It can be stated that defective porcelains are in general 
due to the accidents of manufacture, the dielectric strength of 
all the porcelains being passably good except for flaws. 

Part III includes data on tests carried out mostly with the 
high-frequency outfit. An electrical method is shown of pro- 
ducing failure along invisible cleavage surfaces in the porcelain 
body. This examination should be useful to the porcelain man- 
ufacturer to indicate how nearly the porcelain is approaching toa 
weakness which will cause the rejection of the porcelain piece. 
Another method, using potential gradient to investigate the 
homogeneity of the porcelain, may be found of use in determining 
the efficiency of the pug mill which is used to mix the ingredients 
when the porcelain is in the early plastic stage. 


1. OBJECT OF THE PAPER 


N PREPARING this paper there has been in view a num- 
ber of objects. The many electrical and ceramic prob- 
lems encountered are complex and widely ramified. There 
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are a number of these problems which have only been mentioned. 
There are ceramic problems on which definite information has 
not yet been found. There are methods of examination of 
porcelain which are still in the stages of development. The 
experiments given are definite so far as they go but more ex- 
perience is necessary to crystallize the methods into permanent 
forms. There is one main object which it is hoped to accom- 
plish: namely, to call attention to the use of the high-frequency 
oscillator as a rational method of testing insulators. 

Some of the subjects treated are listed below: 

(a) A bricf analysis of the general problem of continuity of 
service on transmission lines in which porcelain insulators as-. 
sume a primary and important position. | 

(b) An analysis of the electrical strains which are actually 
imposed on insulators in practice. 

(c) A description of the high frequency oscillator which has 
been designed to reproduce the electrical strains imposed on 
the insulators. | 

(d) А brief review of ceramic problems as invotved in the 
manufacture of porcelain for electrical purposes. 

(e) Experiences and experiments 1n the practical use of the 
oscillator and the general methods of study of porcelain. | 

(f) Puncturing under oil: Thickness, range of puncture volt- 
age, form of test piece. 
 (g) [Equivalent gap tests. 

(h) Voltage of first appearance of corona on insulators. | 

(i) Percentage of failure as a criterion of rejection. 

(1) Comparison of puncture voltage of several porcelains. 

(k) Technique of examination of cracks, laminations, punc- 
tures, ctc. 

(1) Hot and cold tests. 

(m) Tests with continuous high frequency. 

(n) Study of the effect of corrugating a smooth surface and 
the laws of creepage spark as affected by thickness of porcelain. 

(о) Methods of using super-spark potential from the oscillator. 

(p) Methods of examination of quality of porcelain using 
voltage gradient. 

(q) Determination of the proper time of test and something 
onthequestion, '' Docs the voltage test damage the porcelain?" 

Much valuable work on electrical porcelain, comprised in 
a number of papers, has been presented to the American In- 
stitute of Electrical Engineers during the past few years. Тһе 
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recent steps taken by the committee on standardization of tests 
of insulators have had great value in crystallizing the known 
data and information into a definite useful form. It is here 
proposed to add further to the collected data and present a 
new method of testing insulators which the author believes 
should supplant the old standard method in which potential 
at a frequency of 60 cycles per second is employed. 

It seems unnecessary to dwell at any great length on the 
engineering necessity of finding a satisfactory solution of the 
problem of maintaining the integrity of the insulation of clec- 
trical transmission lines. It is desirable to attack this problem 
from every available scientific and practical standpoint. The 
problems relating to the integrity of the insulator are only a 
part of the broad problem of continuity of service on trans- 
mission circuits. А brief review of the salient factors of the 
broad problems is given in the following analysis, іп which 
the position of the problem of the insulator itself 1s made evident. 


PART I 


2. ANALYSIS OF THE BROADER PROBLEM OF CONTINUITY OF 
SERVICE 


In the first consideration we can hope only to pursue the 
line of investigation relating to detection of weak and damaged 
porcelain insulators, and either reject them if they have not 
yet been installed or remove them from the line if they are 
already in use. 

In the second consideration we may hope with confidence to 
overcome the causes which deteriorate the insulators after they 
have been put into use,—such damage as comes from unequal 
expansion of metal parts, cements,and porcelains. This investi- 
gation should also cover these faults which are present in the 
manufacture,'in one form or another, such as open pores, closed 
pores, cracks, from unequal contractions, local strains, lamina- 
tions, air pockets, localized mineral impurities, апа accidental 
impurities in the form of threads and hair. 

In the third consideration 15 the form of the insulator. Тһе 
ideal design should be such that the porcelain shall never punc- 
ture. i 
In the fourth consideration is the way and means of prevent- 
ing lightning from producing a potential sufficient to arc over 
an insulator. This involves the subject of overhead and under- 
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hung grounded conductors; also the necessary factor of safety 
of the line insulator. 

In the fifth consideration, assuming that in spite of all precau- 
tions an accidental arc 15 established around in insulator, what 
means may be employed to suppress such an accidental arc 
without causing or allowing an interruption of service? Herein 
comes the use of arcing ground suppressors and short-circuit 
suppressors. 

In the sixth consideration is the condition of malicious or 
accidental interference with the power wires in which a heavy 
conducting strip is thrown across two conductors or two line 
wires are pushed together. Тһе only possibility of continuing 
the service then lies in the use of a duplicate undamaged circuit 
and automatic relays to cause the nearest circuit breakers on 
both sides of the short-circuit to open and thus remove the 
faulty circuit. : 

In the seventh and last consideration is the rare occurrence 
of cyclones, floods, and sleet storms which destroy considerable 
length of the circuit. Тһе only insurance against interruption 
of the user's service is then a local steam auxiliary or storage 
battery. 

In this paper we are concerned with the first three considera- 
tions and a part of the fourth consideration, all of which deal 
directly with the porcelain insulator. 


3. How SHOULD INSULATORS BE TESTED? 


We have in the past tested insulators with high  poten- 
tial at the available frequency of 60 cycles. Іп suggesting 
testing with high frequency it becomes necessary to differ- 
entiate between the different kinds of high frequency that can 
be produced by different types of apparatus. There is the 
continuous high frequency as given by an Alexanderson gen- 
erator and there is the high frequency wave trains produced 
by a discharge of a condenser through a transformer having 
no iron core. In each case there 1s the question of what value 
of high frequency to use and what potential. These factors 
will be considered more in detail later but we can find immediate 
answer to the question of the proper tests to make by state- 
ments of the conditions to which the insulator is subjected. 
Inst lators in practise may become faulty due to unequal ex- 
pansion of metal, cement, and porcelain but even then they 
seldom get an opportunity to fail at 60 cycles because of the 


1915] CREIGHTON: INSULATOR TESTING 757 


fact that every circuit has super-imposed on the 60 cycle poten- 
tial occasional higher frequencies coming from switching and 
variations in load which reach the gradually developing faults 
in the insulator before the deterioration is sufficient to be af- 
fected by the 60-cycle wave. This whole question of what 
conditions of potential and frequency to impose in test оп an 
insulator can be answered in the general statement; fest the 
insulator under the same conditions which cause its failure in 
actual operation. These conditions will now be reviewed. 


4. CLASSIFICATION OF FAULTS IN INSULATORS 


There are two entirely distinct conditions of failure between 
which we must differentiate. First, complete failure of the 
porcelain by cracks, leaving only air and moisture as insulation 
between the metal terminals of the insulators. There is no 
need to discuss refinements of tests in this case. The desired 
tests consist simply in furnishing sufficient voltage to break 
down the air gap in the crack of the porcelain. If there is 
moisture in the air-gap an ordinary resistance test with a megger 
will show the presence of the crack. In the absence of moisture 
a higher voltage must be used. This calls for some portable 
testing outfit which can be carricd along the transmission line 
and the oscillator is generally the best to use. Second, flaws 
consisting of small cracks, laminations, air pockets, porosity, 
etc. in insulators which withstand the normal 60-cycle potential 
applied to them and even the higher value of 60-cycle test po- 
tential, but will fail under the imposition of high frequency wave’ 
trains such as occur in lightning strokes, switching, etc. 


NOTES ON TESTING OF INSULATORS WITH THE 
| OSCILLATOR 


5. PROBLEM OF TESTING THE THOUSANDS OF INSULATORS 
ALREADY INSTALLED 


One of the most important points regarding the use of the 
oscillator lies in the fact that it can be made so light and inex- 
pensive and easy to handle that it can be used by the trans- 
mission engineers and their assistants to test out insulators 
after they have arrived at their destination, and also to test out: 
the thousands of insulators which have been installed during 
the past dozen years, and thereby to pick out the faulty ones. 
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6. THE CONDITIONS TO WHICH INSULATORS ARE SUBJECTED 
IN USE 


In order to determine the nature of the desired electrical tests 
the following analysis is made. Insulators are damaged elec- 
trically, first, by lightning; second, by surges from switching; 
and third, by surges from accidental arcing grounds, and the 
like. The duration, voltage, and frequency of these surges 
will now be analyzed. 


7. DURATION CHARACTERISTICS OF THE THREE KINDS or 
SURGES 


Lightning has the characteristic of momentary duration but 
a stroke may be repeated a number of times in such rapid suc- 
cession that the successive strokes appear to the eye to be one 
stroke. There are many records taken by moving photo- 
graphic films which show conclusively that lightning does come 
in multiple strokes. 

Switching surges are also of comparatively short duration, 
taking place only at the moment of closing or opening of the 
oil switch or the blowing of a fuse. | 

Surges set up by accidental grounds are frequently of con- 
siderable duration, lasting. many seconds or even many minutes. 
Single-phase short circuits sometimes cause high voltage in 
other parallel circuits. 


8. RISE OF VOLTAGE OF THE THREE KINDS OF SURGES, AND 
THE FREQUENCIES INVOLVED 


In each case the rise of potential also must be considered as 
a factor of menace to the integrity of the porcelain insulators. 
In the case of lightning there is no limit to the potential except 
that which will cause a discharge from line to ground. In the 
case of switching, the voltage on the line nearly always reaches 
double value; and with changes of ratio of capacity and induc- 
tance in the transmission circuit or with partial resonance, the 
surges may rise to considerably more than double line potential. 
In the case of arcing grounds the voltage will usually rise to 
double value and there are many chances of a resonant condition 
existing which will carry 1t much above double value. 


9. THE OscILLATOR TESTING SET 
The testing set, as developed, is shown in Fig. 1. It consists 
of the following elements as shown in the diagram, Fig. 2. 
a. A 60-cycle step-up transformer. 
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b. À condenser placed across the terminals of the high volt- 
age coils of the transformer. 

c. An adjustable gap. 

d. An oscillation transformer, oil immersed, without iron 
core, consisting of a few turns on the primary and many turns 
on the secondary. The regulation of this transformer is made 
as good as can be obtained and, unlike the wireless outfits, 
there is no dependence placed on obtaining resonance for the 

ordinary tests. 
e. A sphere gap made up of spheres of 
t diameter equal to maximum air gap. 
f. А suitable reactor to protect the step-up 
transformer against the damaging effect of 
short-circuit when a spark takes place on the 


110 VOLTS 


small gap. 
! The ratio chosen for the 60-cycle trans- 
кн former is 110 volts to 13,000 volts, as both are 
standard and 13,000 volts is high enough to 
4 give good effects іп the oscillator, in the set 


large enough to test ordinary single-unit in- 

sulators. This outfit is capable of producing 

a voltage represented by a setting of 125,000 

volts on the sphere gap and is capable of 

—— operating at this value all day long continu- 
Fic. 2 ously. This is the testing set recommended 
Diagram of connections for general use. For testing single lower 


of the oscillator testing 


set for porcelain insula- voltage insulators a smaller set can be built 


Ы, condenser to meet the special needs. 

c, control gap : . 

d, oscillation transfor- Тһе main frequency of the natural oscilla- 
е, sphere gap tion of such an outfit without the secondary 
f, series inductance І 


of the coreless transformer in place is about 
200,000 cycles per second. The range of high frequency 
recommended for testing is 150,000 to 400,000 cycles per 
second. ( 

The maximum rate of discharge should not be less than 1000 
kv-a. This maximum rate of discharge is not dependent on 
the kilowatt rating of the 60-cycle transformer but depends 
mostly on the electrostatic condenser. 

The foregoing data cover the characteristics of a testing set 
which is capable of testing most of the insulators in use. It 
is easily manufactured and satisfactory in operation. А con- 
venient form is shown in the accompanying illustration, Fig. 1.. 
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10. CONTROL OF VOLTAGE OF THE OSCILLATOR 


The voltage is controiled by gradually opening the control 
gap shown іп Fig. 2. One electrode of this control gap is con- 
nected to a long insulating rod which permits of handling while 
the arc across the gap is playing. In this way the voltage is 
gradually increased to the desired valuc while it is being applied 
to the insulator. ! 

Тһе control of the voltage by the use of the control gap alone 
gives а very simple condition and its use 15 recommended іп 
spite of an increase in the number of wave trains per second 
at less than quarter its maximum voltage. If this increase in 
the number of wave trains were a serious matter it could be 
taken care of in either one of two ways. First, by decreasing 
the total time of applications of voltage to the insulator, so as 
to give the same total number of wave trains, when the control 
gap is small and sparking over more than one per half-cycle. 
А test of one minute with 120 alternations per second gives a total 
of 7200 wave trains per minute. Тһе other method of getting 
a definite number of wave trains applied to the insulator could 
be accomplished by reducing the voltage at the terminals of 
the 60-cycle transformer, thus making the peak voltage corres- 
pond with the spark voltage setting of the control gap. In 
this way a single wave train per half-cycle will be produced. 

As a matter of experience it is found that except in special 
cases the variation in the number of wave trains is not a serious 
matter in the practical testing of insulators. There are several fac- 
tors involved. First, the time of test of an insulator set at one 
minute or ten scconds is a quite arbitrary value and the period 
might well be chosen as two minutes if so desired. Two minutes 
would correspond to twice the number of wave trains per 
second. It is desirable to maintain the standard of one minute 
for test for reasons of economy. Second, the greater number 
of wave trains are produced at the lower values of voltage and 
the lower values of voltage correspond to small insulators on 
which there is a large factor of safety. As the matter stands 
then, there are a greater number of wave trains applied to the 
lower voltage insulators but they are capable of withstanding 
it and the extra number of wave trains applied for one minute 
is not sufficient to cause deterioration of good porcelain. 

In Figs. 3, 4, and 5 are given three oscillograms taken in the 
60-cycle circuit of the oscillator which show typical conditions 
for three different values of voltage generated in the secondary. 


PLATE XLIII. 
А. |. E. E. 
VOL. XXXIV, NO. 5 


[CREIGHTON] 


Fic. 1 


125-kv. oscillator with sphere gap voltmeter. Single terminal of the coreless trans- 
former shown at the left to which one sphere is attached. The other terminal of the 
coreless transformer is grounded. The other sphere which carries the voltmeter is grounded 
so that it can be handled while the spark is playing. 


Fic. 3 [CREIGHTON] 


Oscillogram of voltage in the 60-cycle circuit of the oscillator when the control gap is 
set for 6000 volts effective. There is only one main discharge at the control gap per half- 
cycle. When а spark at the control gap takes place it is indicated on the oscillogram by a 
sudden drop in voltage. 


PLATE XLIV. 
A. 1. E. E. 
VOL. XXXIV, NO. 5 


Fic. 4 [CREIGHTON] 
Oscillogram of the voltage on the low side of the 60-cycle transformer when the control 


gap is set for 12,000 volts. There is only one main discharge at the control gap per half- 
cycle of the 60-cycle circuit. 


a“ 9Tvocrs 


[CREIGHTON] 


Fic. 5 


Oscillogram of the voltage on the 110-volt side of the 60-cycle transformer. А blast of air 
was playing on the arc which removed the ionized guses and thereby introduced about 
three wave trains per half-cycle, all of which are about equal. 
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Comparing oscillograms of Fig. 3 and Fig. 4, it is seen that 
the voltage at the control gap may be reduced more than 50 
per cent by decreasing the length of the control gap without 
increasing the number of wave trains per second which are 
effective in producing the high voltage on the secondary of the 
coreless transformer. In a 60-cycle circuit there аге 120 
alternations per second and the gap should spark over at each 
peak value of the 60-cycle potential. When the gap sparks 
over it is indicated on the oscillogram bv a sudden drop. In 
Fig. 4 there are extra oscillations after the first peak value which 
re-light the spark but the voltage is so low, as compared to the 
peak value, that it 1s negligible. 

In Fig. бап air blast is added which carried the ionized gases 
of the spark away and causes the voltage to rise to practically 
full value two or three times per half-cycle. Тһе spark at the 
control gap is then extinguished and the voltage curve gradually 
drops into the regular 60-cycle wave, the distortion being due 
to the electromagnetic energy derived from the series reactance 
in the 60-cycle circuit. 


11. MEASUREMENT OF VOLTAGE 


The only available, practical method of measuring the volt- 
age of high frequency wave trains is by sphere gap. Although 
the voltage may not be accurately expressed in volts, due to 
the unknown conditions of ionization and dcionization at high 
frequency, and also due somewhat to the inevitable diclectrical 
spark lag, still there is no reason for not accepting the voltage 
measurement taken by the sphere gap. Since this statement | 
may be open to question a further analvsis of the object we have 
in view and how it differs from other voltage measurements is 
given їп ап endeavor to clarify the situation. Under the ordinary 
conditions of power distribution for lighting it is quite essential 
to have a definite voltage which can be measured and relied 
upon in order not to damage the lamps to which the voltage is 
applied or to have the voltage so low as to get an insufficient 
amount of hght. The object in view in measuring the high 
‘frequency wave trains is not in any way similar. Therefore 
we do not need to have the same standard. The object in the 
measurement of the voltage, or more accurately stated, the 
equivalent sphere gap, of an insulator is the desire to know 
what potentials must exist at the terminals of the insulator to 
cause it to arc over or puncture. Although it would be of 
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interest to express this tendency to spark over the insulator in 
terms of accurately expressed voltage, either peak value or 
effective value, it is not at all essential. The essential feature 
is to have a standard of reference with which to compare differ- 
ent types of insulators, different forms and conditions of elec- 
trodes, and such other features of design as produce the most 
reliable insulator. The sphere gap furnishes reliable means of 
measuring the limiting condition which will cause a spark to 
form over the insulator, and it 1s convenient to express the gap 
length in terms of the voltage which will cause the gap to arc 
over at the usual frequency of 60 cycles. 

In choosing the sphere gap the diameter of the sphere is made 
about equal to the maximum gap length to be used. 

There is another valuc of voltage that it is desirable to measure 
for the information it gives relative to lightning arresters; that 
is the minimum gap sctting of the spheres which will take all 
the discharge away from the insulator. This minimum gap 
setting, is considerably below the maximum gap setting which 
causes practically all the discharges to take place across the in- 
sulator. The intermediate values of sphere gap settings be- 
tween the maximum and minimum are in general of no partic- 
ular interest. 

Instead of giving the equivalent sphere gap in centimeters 
or inches the values are translated immediately by means of 
the scale on the oscillator into equivalent kilovolts at 60 cycles. 
In some cases we have used a straight scale subdivided into 
kilovolts underneath the supporting rod of the grounded sphere. 
In another case we have attached a wire to the shank of the 
grounded sphere and passed this wire around a cam which 
carried a pointer around a circular dial as shown in Fig. 1. 
The large dial adds little to the expense but it has the advantage. 
of being read more casily and is economical of time in testing. 

For special conditions of study a dial has also been used on 
the control gap which measures the gap length. The ratio be- 
tween the voltage on the control gap and the voltage pro- 
duced on the sphere gaps will vary according to the load that is 
placed in parallel with the sphere gaps. However, for any 
fixed condition of load the control gap can be calibrated and 
used as a measure of the applied potential with a fair degree of 
accuracy. The control gap gives the maximum voltage gen- 
erated and the sphere gap gives the maximum voltage that 
exists across the insulator, which is naturally less than the maxi- 
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mum super-spark voltage applied. The voltage measured by 
the sphere gap is somewhat above the spark voltage of the in- 
sulator when the voltage is gradually increased in the usual 
way. The dial then on the control gap has its special uses al- 
though it is not an essential part of the testing outfit for the 
usual tests that have been made on insulators in the past. 


12. KILOVOLT-A MPERE CAPACITY OF THE OSCILLATOR 


The kilovolt-ampere capacitv of the testing apparatus 1s 
important especially where a numher of insulators are tested in 
mu:tiple. The capacitance of the electrcstatic condenser used 
with the coreless transformer, together with the inductance and 
regulation of the coreless transformer, determines the value of 
power which can be delivered by the testing outfit. Тһе power 
of the oscillator 15 used аріп producing corona over the surface 
of the insulator and its connecting wire. Іп the oscillator test- 
ing set designed for general use, ther? 1s sufficient energy vo pro- 
duce spark-over on five disk insulators in parallel when the elec- 
trostatic condenser has a capacitance sufficienc to store up 500 
microcoulombs. By doubling the capacitance it is possible to 
test ten suspension type insulators in parallel. The rating of 
this oscillator is 125 kv, which it can carry continuously. For | 
short periods of testing it has been used up to 175 kv. on a single 
insulator. It is capable of producing for an instant approxi- 
mately 5000 kv-a. А somewhat smaller outfit could be used for 
testing single insulators of the suspension type but the smaller 
oscillator would have less application and would require a con- 
siderable knowledge of its characteristics and adaptability to 
prevent its being used under conditions which would give inade- 
quate potential stress on the insulator. 

We have in the laboratory an old Tesla coil outfit which 1s 
smaller, but the kilovolt-ampere capacity of this outfit was in- 
sufficient to spark over an insulator designed for 33-kv. circuit. 
Тһе corona, formed at the head of the insulator and extending 
out about an inch over the surface, absorbed all the available 
energy from this outfit far below arc-over voltage. 


13. WHAT CAN BE DONE WITH THE OSCILLATOR TO REPRO- 
DUCE OPERATING CONDITIONS OF INSULATORS 

The ideal criterion for testing is to weed out all insulators which 

will fail subsequently in use. Tests should be made to meet 

these operating conditions. The method of test using the oscil- 
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lator adapts itself with a fair degree of perfection to the repro- 
duction of all of these conditions and it is only a matter of choice 
on the part of the engincer to get with its use the mildest or 
nearly the severest conditions of electric surges. These different 
degrees of severity of test can be obtained with greatcr ease and 
simplicity than with the 60-cycle testing apparatus. There is 
needed no special motor generator set, no fussing about sinc- 
wave alternators, no question of limited kilowatt capacity due 
to the use of more or less resistance,no large transformer and 
separate means of excitation of the generator, etc. Two turns 
on the screw of the control gap give the full range of voltage, 
the maximum of which may be far above the arc-over voltage 
of the insulator and vet no short-circuit 15 produced on the oscil- 
lation transformer, such as takes place in the 60-cycle transformer 
when a spark occurs. The other factor involved in the tests 1s 
the duration of application which can, of course, be fully con- 
trolled by a hand switch. 


14. TESTS WITH THE OSCILLATOR WITH SIX GRADATIONS OF 
SEVERITY AND DURATION 


A number of arbitrarily chosen tests graded in severity and 
time of application, which corresponds to surge condition in 
practise, are given below for illustrations. 

The first gradation, che mildest test with the oscillation trans- 
former, consists in opening the control gap gradually until a 
slight corona appears on the insulator but keeping the applied 
high-frequency potential considcrably below the value which will 
cause a spark around the skirts of the insulator. The corona 
is plentiful, audible, and visible in daylight, and therefore there 
is no difficulty in arriving at the desired degree. If this potential 
is applied for a very bricf time it corresponds to a light induced 
discharge of lightning on the line, surges from switching, and the 
momentary arcing ground through enough resistance to prevent 
high potentials. This test is too mild to have any value except 
when the insulator is cracked or punctured. 

The second gradation of testing is the application of this 
potential (somewhat less than the spark potential of the insu- 
lator) during a long period of time—say from one minute to five 
minutes. This test corresponds to a mild condition of sustained 
arcing ground. Insulators that will not stand this test would 
surcly fail in service. The cest is also too mild to consider for 
practical use. 
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The third gradation is obtained by opening the control gap of 
the oscillator so that the potential rises to a value sufficient to 
occasionally spark around the insulator—say once every second 
or so. Again this discharge may be applied for a fraction of a 
second corresponding to dangerous lightning discharges, dan- 
gerous surges from switching and from momentary arcing 
grounds. 

The fourth gradation consists in applying this discharge for a 
longer time, ranging from one second to five minutes, which 
corresponds to high frequency surges generated by unusual condi- 
tions of vicious arcing grounds for a period corresponding to the 
duration of test. Such arcing grounds may or may not cause a 
short-circuit which ends the application of high voltage. Applied 
for one second, «һе test corresponds to 120 lightning strokes іп 
quick succession of a voltage equal to the arc-over voltage of the 
insulator or some lesser unknown number of strokes scattered 
over several years. The test is very mild as a substitute for 
lightning strokes, as they come, of various values of potential 
above the value which is necessary to cause a spark around the 
skirts of the insulator. A duration of one minute makes a fair 
test and is recommended as a tentative standard. | 

The fifth gradation consists in opening up the control gap 
of the oscillation transformer so that momentarily the oscilla- 
tion transformer gives its maximum voltage which should be 
a super-spark potential for the insulator. This voltage stress 
is applied to the porcelain during the brief time of dielectric 
spark lag that is required to form the spark around the skirts 
of the insulator or, otherwise, during the time necessary to 
puncture the porcelain. This test, applied momentarily, cor- 
responds to a very heavy lightning discharge. It corresponds 
also to a rare case of switching and also to the accidental con- 
ditions where there is a cross between a high-voltage circuit and 
one of lower voltage. "The application of a number of these single 
strokes is nothing more than the insulator may get in operation 
in due time. The surge potential corresponding to this test 
тау not appear many times per усаг оп a transmission system. 
Good continuous service suggests the test. Scarcity of good 
line insulators may not always permit the adoption of this as 
a commercial test. 

The sixth gradation consists in applying this super-spark 
potential to the insulator for a longer period of time, of the 
order of 1 to 20 seconds. This latter test may very justifiably 
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be considered from a conservative standpoint as more severe 
than is necessary, more severe than actually occurs as a rule in 
practise. It may, therefore, in the present state of development 
of insulators, be considered only as a comparative test to give 
the endurance of different types of msulators. and may, con- 
sequently, be placed in the category known as a “ design test.” 


15. TENTATIVE RECOMMENDED TESTS 


There are special tests of unusual severity which it may be 
desirable to make as comparative between different types 
of insulators but with these special tests we are not con- 
cerned at the present moment. After testing many insulators 
the following test has been adopted for the purposes of this 
investigation. Raise the potential rapidly about two kv. every 
five seconds until an occasional spark is produced around the 
skirts of the insulator, a spark about every second or so; hold 
this potential for one minute; then raise the potential by about 
20 per cent causing a flood of sparks around the insulator and 
hold for ten seconds. 


16. OPERATORS’ VIEWPOINT AND EXPERIENCE 


Mr. F. Osgood a: the recent meeting of the Institute empha- 
sized very strongly that the oscillator had shown bad designs 
of insulators on their system, resulting in the complete elimina- 
tion of all the insulators of a certain type, and furthermore, he 
found weakness in all the older pin types of porcelain insulators. 
The manufacturers of insulators were asked to produce an in- 
sulator which would stand the high-frequency test and I under- 
stand they have been able to do it. This is a step toward per- 
fecting the insulation of a transmission line. 


17. WHEN 16 THE OSCILLATOR TEST DANGEROUS ТО 
PORCELAIN? 


In answer to the criticism that the method of test 1s dangerous, 
it should be noted that the surges on the line are also dangerous 
to the porcelain, especially if it 1s faulty. 

The object of the test 1s to make it dangerous to faulty porce- 
lain. The object should be, and before long will be, to damage 
and destroy every insulator which in practise would be damaged 
by the surges in the circuits. It will finally be good economy 
to do this. If the test is made to correspond to the conditions 
on the circuit against which the porcelain is designed to resist, 
then the statement of danger has only a desirable significance. 
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18. RECOMMENDATIONS 


Let us examine the subject in its several different aspects: 
Ist, old designs; 2nd, cracked, porous, or punctured porcelain 
of insulators already installed; 3rd, new insulators not yet in- 
stalled. 

First. We have not yet arrived at a condition of perfection 
of design of all pin insulators. Therefore, it is too early to 
recommend a wholesale slaughter of weak designs. Reasonable 
engineering judgment must be exercised in cach system to weed 
out the insulators which are weak enough to fail under the 
frequently occurring surges of switching and accidental arcs; 
but the next better grade should not be damaged by too severe 
tests and should be left in place on the lines to run chances in 
escaping a heavy strain due to lightning, until the evolution of 
design and manufacture brings forth a more perfect insulator. 
The test of these old insulators in place should therefore be 
milder than it will eventually be desirable to make it. It is 
not difficult to get a conception of the possibility of damaging 
an insulator under test. A time test, as described later, made 
on a number of insulators will determine the possibilities of 
damage from the test. 

If old insulators are mounted on wooden cross-arms and the 
pins are not grounded a much weaker insulator can be used suc- 
cessfully than where the pin is grounded. Still the cracked 
and punctured porcelains must be removed from the circuit, 
because a failure of the insulator causes the destruction of the 
supporting wood and is consequently a great menace which 
threatens long continued interruption of service while a pole 
and arm are being replaced. 

Second. In the case of porous or cracked or otherwise badly 
weakened porcelain the test must be severe enough to show the 
fault. 

Third. In the purchase of new insulators the requirements 
of test should be severe enough to show faulty design and the 
presence of flaws which will subsequently be developed by the 
surges under service conditions. Rigorous tests should be used 
on new insulators before installation to determine definitely 
that neither the design nor the quality of porcelain is poor. 


19. Is tHe Hicnu-FREQuENCY Test DANGEROuUS To Goop 
PORCELAIN? 


The next question relates to the danger of the test to good 
porcelain. Every test which carries the clectric strain up to the 
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maximum limit of the porcelain is verv liable to cause danger even 
to good porcelain. If, as it should be, the thickness of porcelain 
is made such that the spark potential around the skirt is very ` 
much less than the puncture potential and the design is so made 
that the potential gradient at any point has a reasonable value, 
less than the damaging value, then the recommended high 
frequency tests can be made without damaging good porcelain. 
If many insulators fail it may be an indication that thev are too 
near the danger limit of electric stress. Іп further reply to this 
criticism, it should be recalled that the results of tests on 60 
cycles have shown that the 60-cycle potential at spark-over 
value may also damage porcelain. 

In a paper presented to the A. I. E. E. June 1911 by Mr. Aus- 
tin, he showed that the 60-cycle potential applied to a rack of 
insulators would puncture quite a number of them during the 
first period of a few minutes and would continue to puncture 
insulators during every minute that the test was continued 
although al a lesser number per minute as time went on. From 
this it is evident that at the end of a minute test there will 
necessarily be some porcelain insulators which are just ready 
to puncture and may be in a condition described as damaged. 
Familiarity with the rule of one minute duration of test may cause 
the critic to overlook this condition. Тһе subject will be some- 
what clarified by the observations on the nature of flaws given 
later. i 

Since 1911 there has been very evident progress made in the 
manufacture of electrical porcelain. From our observations 
on the use of high frequency potentials for testing insulators it 
would appear that defective insulators would be picked out ear- 
lier by the high frequency tests and our test results show that 
batches of suspension insulators delivered to the laboratory have 
withstood high frequency tests by the hour without losing a 
single insulator among them. Some tests were run continuously 
nine hours per day for six days with the voltage at barely arc- 
over value, and the insulators are still in good condition. This 
experience tends to show that only the faulty insulators will be 
picked out by the tests. 

This question of damage to good porcelain in particular cases 
can be determined sometimes by special tests on insulators. 
If an insulator is tested continuously for an hour without punc- 
turing, it is reasonably evident that a one-minute test will not 
damage the same porcelain and a test limited to a few seconds 
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gives still further assurance. The question then of the duration 
of test and the damage that results thereby can be determined 
on special lots of insulators by the number that are damaged in 
a given time, which should be made long as compared to the 
standardized duration of test. Our own results show that an 
insulator of good design and good porcelain will withstand high- 
frequency discharge many hours. In thus comparing two 
different designs of insulators or two different makes of insulators, 
it is evident that one that withstands the discharge for the 
longest time will be the better insulator to use. If many insula- 
tors under test are shown to be damaged by a reasonable test 
it is evident that the design is faulty or the porcelain defective. 
If the test is made less severe than reasonable, then poor insula- 
tors will be installed on the line. With poor insulators installed, 
it becomes a matter of chance before they are caught by a surge. 
On the ideal line there should not be used a single insulator that 
will puncture. 


20. PORCELAIN IS NOT HEATED BY NORMAL TEST WITH THE 
OSCILLATOR 


A criticism of the method has been that the high frequency en- 
tails dielectric losses which it is feared will damage the porcelain 
There is no doubt that the high-frequency test produced more 
heat in the porcelain, by some sort of hysteretic effect, than 
comes from thc application of 60-cycles. There is also no doubt 
that the high frequency will reach and damage a bad spot much 
more quickly and much more surely than the 60-cycle tests. 
In regard to this heating, however, there should be no confusion 
between the application of high frequency wave trains at 
300,000 cycles from an oscillator and high frequency from a gen- 
erator. In the case of the oscillator a wave train of high fre- 
quency is applied about 120 times per second. Between adja- 
cent trains there is a relatively long period of rest, about 100 
times the duration of a train, during which no potential is applied 
to the insulator. Оп the other hand, when the potential is sup- - 
plied by a high frequency generator, the high frequency is abso- 
lutely continuous and the heating of the porcelain is correspond- 
ingly magnified. With continuous high-frequency voltage it is 
possible to overheat the insulator and damage it by heat alone. 
Even under continuous frequency nearly all the heat comes 
from corona in the air and very little from dielectric hysteresis 
in the porcelain. 
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In conclusion, long-continued tests have shown that there is 
no danger of hysteretic heating of good porcelain insulators by 
the recommended tests using the wave trains of an oscillator. 


21. HEATING OF THE SURFACE OF THE INSULATOR BY CORONA 
AND SPARKS 


As to the damage from heating the surface of the porcelain. 
it can be stated in general that the corona may take place over 
periods of several minutes without heating up the porcelain more 
than a few degrees. It 15 hardly perceptible to the touch. The 
sparks have тоге heating effect but nothing serious—a rise of a 
few degrees. There is one undesirable condition, however, which 
will be perfectly evident to the tester: When, due to using very 
heavy discharges, the spark concentrates in one fixed streak 
around the porcelain skirts, local heating can take place on the 
surface of the porcelain. This concentrated heat will usually 
crack the porcelain in a minute or so. This fixed spark is an 
improper application and can be avoided by changing the condi- 
tions of test. It should be understood that the proper testing 
of the insulator by high frequency consists in making the dis- 
charge take a new path around the insulator at each successive 
discharge, so that the appearance to the eye is that of many 
radial streaks of discharge fairly uniformly distributed over the 
whole surface of the insulator. 


TESTS RECOMMENDED 


In the foregoing, flexible methods of tests have been laid 
out and criticisms of the test answered. Appended hereto it is 
hoped to add brief definite specifications for a fair set of tests. 
There 15 a very great advantage to be gained in the extensions 
of electrical transmissions by an improvement in the insulator. 
It is desirable that every important transmission company 
should have an oscillator testing set to be carried along the cir- 
cuits to eliminate the insulators which are intrinsically poor in 
design and manufacture, and in addition, those which have been 
damaged either by expansion of the metal parts against the hard 
cement or by some crysvallization effect in the cement which 
makes ic expand. Factory testing does not meet the demand 
that not a single faulty insuiator should be installed or operated 
on a transmission circuit, because the insulator mav be damaged 
in transit or by some effect which develops in the course of time. 
This calls for testing on the ground. 
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22. CHARACTERISTICS OF THE 125-Kv. HIGH-FREQUENCY 
OSCILLATOR 

Much of the detail work of making a practical design of 
oscillator has been done by Mr. P. E. Hosegood. There are 
certain complex phases of the problems involved which are out 
of the scope of the present presentation. However, the im- 
portant characteristics of the oscillator from a uscful stand- 
point have been summarized by Mr. Hosegood and are herewith 
presented with the additions of only an occasional comment by 
che writer intended to connect the information with the rest of 
the paper. 

One of the chief objects to be achieved in the design of a high- 
frequency oscillator for testing insulators is good regulation so 
as to be abie to test a number of insulators at once without undue 
drop of voltage. When insulators аге connected to the oscillator 
the voltage falls off due to regulation. The current in the high- 
voltage coil supplies two conditions, viz: the loss of energy in 
brush discharge and the capacitance of the insulators. "These 
conditions call for as close a coupling between the two coils of 
the oscillator as can be obtained. Owing to the variation of 
the capacitance of the high-tension circuit of the oscillator, with 
varving loads, it 1s impracticable, in general work to use loose 
coupling between primary and secondary, and depend on ad- 
justing the inductance and capacitance for resonance. With 
close coupling, the voltage generated at the high-tension terminal 
of the oscillator will depend chicfly on the ratio of turns between 
primary and secondary windings of the coreless transformer. 

The voltage applied to the condenser depends upon the setting 
of the control рар. The preferred form of control gap consists 
of two wheels rotated by a motor. The spark takes place be- 
tween the peripheries of the two wheels. This arrangement 
reduced the wear caused by the spark and also maintains the 
spark potential at a constant value for any given length of spark 
gap. 

Figs. 3 and 4 show oscillograms of the potential across the 
110-volt primary of the 60-cycle transformer. In Fig. 1 the 
control gap is sect for 6000 volts effective, and in Fig. 2 for 12,000 
volts. The latter is the maximum rating of the condenser. It 
will be noticed in both cases there is only one high-voltage spark 
for every half-cycle. When the spark takes place, it short- 
circuits the high-voltage side of the 60-cvcle transformer, and a 
sudden decrease in voltage across the primary occurs. The 
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primary source of power 15 not short-circuited but the voltage 
is momentarily shifted from the 60-cycle transformer to the 
series reactance shown in Fig. 2. It is only at very low settings 
on the control gap that the number of wave trains per half-cycle 
of the 60-cycle circuit increases materially. At low voltage it 
makes comparatively little difference in the effects obtained if 
the number of wave trains per second docs increase. 

In Fig. 5 an air blast 1s applied to the control gap which was 
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Shirt-circuit characteristics of a 125-kv. oscillator. Top curve (A) is the relation of 
kilovolts across the control gap versus the effective current in the low side of the coreless 
transformer when the high side of the coreless transformer is short-circuited. Bottom 
curve (В) is the relation of the kilovolts across the control gap versus effective amperes on 
the high side of the coreless transformer. The current was measured by hot-wire meter. 
The middle curve (C) is the relation of the kilovolts across the control gap versus the kilo» 
watt input of the oscillator measured on the 60-cycle side. 


set at 6000 volts. Two or three full-voltage sparks occurred 
every half-cycle. This materially increases the average current 
in the oscillator. "With the air blast playing on the gap thé num- 
ber of sparks per half-cycle vary according to the length of con- 
trol gap. 

The curves of Fig. 6 give a measure of the oscillating currents 
in the high and low-tension coils of the oscillator at various set- 
tings of the control gap, the high-tension coil of the coreless 
transformer being short-circuited. Тһе values of the control 
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gap were obtained by calibrating the gap with 60-cycie voltage. 
The values of current increase with the control gap. This in- 
crease is not directly proportional, as the resistance of the spark 
increases with the length of control gap, causing more rapid 
damping of the oscillations of each wave train. 

The no-load characteristic is shown in Fig. 7, curve A. The 
normal voltage rating of the oscillator, 125 kv., is obtained at 
no-load with a control gap setting of 5 kv. which is less than 
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Voltage generated by the 125-kv. oscillator in terms of control gap setting. Top curve 
(A), no load on the coreless transformer. Second curve (B), load of one suspension insula- 
tor. The third curve (C), load of two suspension insulators in multiple. The fourth 
curve (D), load of three suspension insulators in multiple. _ Fifth curve (E), four suspension 
insulators in multiple. Sixth curve (F), five suspension insulators in multiple. 


half the available voltage. Curves B, C, D, E, and F were 
taken with varying numbers of suspension type insulators con- 
nected in parallel to the terminals of the oscillator. With only 
one insulator’ connected, the arc-over voltage of the insulator 
is 85 kv. This arc-over voltage decreases when more insulators 
are added in parallel, due no doubt to the combined effects of 
the local oscillations coming from the corona on the surfaces 
of the parallel insulators and the difference in the arc-over volt- 
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арс of the several insulators. With five insulators, the arc- 
over voltage measured by the sphere gap was 77 kv. "These 
curves are practically parallel, and their different locations are 
due to the change of voltage ratio of the coreless transformer 
caused by the capacitance and corona at the insulators. 

The eflect of this load on the regulation of the oscillator is 
illustrated in Fig. 8, which shows the voltage obtained with 
varying numbers of insulators connected to the oscillator while 
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Voltage regulation for variable loads 
with three different settings of the con- 
trol gap on the 125-kv. oscillator. In the 
first curve (A) the control gap was held 
constant on a setting of 5 kv. and the 
load was increased from no insulators to 
five suspension insulators in multiple. 
At the addition of the second insulator 
the voltage was reduced slightly below 
the arc-over voltage of the insulator. 
Curve B is for a 1-Ку. setting of the con- 
trol gap, curve С for a 3-kv. setting. Тһе 
maximum possible setting of the control 
gap inthis oscillator is 10.5 kv. 


maintaining the control рар constant. 
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Curves showing the gain in kilowatt 
capacity by increasing the capacitance of 
the condenser in a 125-kv. oscillator. 
Curve B shows that the load can be 
practically doubled by doubling the 
capacitancetoVU.08 mf. There was gener- 
atcd constantly for all values of load and 
control gap. а voltage of 80 kv. across 
the insulators. This is slightly below 
the arc-over voltage of the insulator but 
sufficient to give extremely heavy corona. 


The voltage drop 


amounts to about 40 per cent from no-load to full-load, five 
insulators corresponding to full load for the condenser used in 


the oscillator. 


The number of insulators that can be tested: in multiple is 
directly proportional to the capacitance of the condenser in 


the low-tension circuit of the oscillator. 


This is illustrated in 


Fig. 9. By doubling the capacitance, the number of insulators 


that can be tested is increased from five to ten. 


The addition 
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of capacitance to the oscillator lowers the frequency so that 
the output of the oscillator is linited by the minimum permis- 
sible frequency. The output can also be increased by raising 
the voltage applied to the condenser. However, the voltage 
necessarily increases more rapidly than the number of insulators 
that can be tested so that the more efficient way to increase 
the output of the oscillator is to increase the capacitance of the 
condensers. 

Fig. 10 shows the load curve for the 125-kv. oscillator, with 
the insulators connected in multiple in strings óf two in series. 
The control gap was set at 16.5 kv., which is beyond the rating 


MEASURED WITH HOT WIRE METER 


8 
VOLTAGE ACROSS INSULATORS BY SPHERE GAP 


пиа ааа 


ЖЕНЕ NG П wm LTEN 
Ж Е О ЖИН ET 


EXE NES 


ks 
10 12 


LOAD ON OSCILLATOR 
NO. OF SUSPENSION TYPE INSULATORS (2 IN SERIES) 


Fic. 10 


In these curves the control gap was set at a constant value of 16.5 kv. with an air blast 
playing on it. It is an abnormal condition for the 125-kv. oscillator. 

The load on the oscillator consisted of two suspension insulators in series and adding 
these as units. Ву so doing higher voltage was available than when one disk alone was used. 
The upper curve shows the decrease in voltage on the insulators as the load is increased. 
The lower curve shows the increase in current in the insulators due to the high-frequency 
wave trains as the load 15 increased. 
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AMPERES HIGH SIDE OF OSCILLATOR MEAN EFFECTIVE CURRENT 


of the condenser supplied with the standard outfit. In addi- 
tion, an air blast of about 2 of a pound per square inch was used. 
The regulation in this case was 18 per cent drop from no-load 
to a load of 16 insulators. Тһе current supplied to the insulators 
was measured with a hot-wire ammeter. This current increases 
with the number of strings of insulators added, about 50 milli- 
amperes for each string added. Тһе input of the low-frequency 
transformer was measured and remained constant at two kw. 


24. NATURAL FREQUENCY OF THE OSCILLATOR 


The frequency of the wave trains in the low-tension circuit 
of the coreless transformer, having the secondary coil removed, 
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was measured with a cymometer. The search coil of the cymo- 
meter was loosely coupled electromagnetically with the low- 
tension circuit of the coreless transformer. The capacitance 
of the cymometer was then varied until the maximum voltage 
was obtained which was indicated by a small lamp. This 
frequency is 220,000 cycles per second. Тһе high-tension coil 
of the corcless transformer was then replaced and the sphere 
gap opened beyond the value which would allow a discharge to 
take place. The two frequencies of a close coupled circuit 
were then obtained which were 238,000 and 508,000 cycles per 
second. With a load of five insulators on the oscillator only 
one frequency could be detected which was 360,000 cycles per 
second. The reduction in maximum frequency from 508,000 
cycles per second to 360,000 cvcles has apparently no practical 
bearing on testing. If the higher frequency were prominent 
it should lower the spark voltage. As a matter of fact it has 
just been shown that the contrary condition exists, increasing 
the load lowers the equivalent sphere gap. 

Setting aside the possible effects of local surges between the 
parallel insulators, the change in natural frequency, as mea- 
sured by the cymometer, has the effect, if any, of having in- 
creased from the minimum value of 238,000 to 360,000 cycles 
per second. There is no question at issue at present in this 
matter of frequency and voltage measurement. It is admitted 
that the theoretical problems, as a whole, are complex. There 
is involved dielectric spark lag for jump sparks and crecpage 
sparks, and a consideration of each as it is affected by frequency, 
wave front, logarithmic decrement, energy in the corona, po- 
tential gradient, etc. АП of these things are beside the point 
and beyond the scope of this paper. The same problems 
apply to 60-cycle circuits but the advocates of 60-cycle testing 
of insulators do not bring them into the discussion. The point 
is this: we are not directly concerned with the voltage which 
causes an insulator on a line to fail and thereby intcrrupt the 
service and damage the apparatus. The insulator must not 
fail. An insulator may pass a 60-cycle test but fail on a spark- 
over test from the oscillator. They are probably never strained 
in use on the line with a voltage at 60-cycles because their factor 
of safety places the operating voltage at a relatively small frac- 
tion of the arc-over voltage. When they are strained by volt- 
арс 1% 15 a high-frequency impulse or wave train very similar 
in form and natural frequency to the wave trains generated by 
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The 250-kv. high-frequency oscillator. A small switchboard is mounted on the frame of 
the grounded sphere. Just below is a wheel for regulating the control gap. Above is the 
scale giving the value of kilovolts for the different settings of the sphere. Back of the 
corner post is the series reactance. To the right is the 60-cycle transformer. Still further 
to the right in the foreground is a small motor belted to the revolving wheels of the con- 
trol gap. Back of the motor are the electrostatic condensers and to the right is a large 
coreless transformer supporting one sphere and having its other terminal grounded. 
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the oscillator. The wave trains in a transmission circuit will 
vary over а wide range of frequency but they will not differ as 
much in frequency from the oscillator as they do from 60 cycles, 
by more than a thousand times. 


25. 250-kv. HIGH-FREQUENCY OSCILLATOR 


The gencral appearance of this oscillator is shown іп Fig. 11, 
the construction being similar to the 125-kv. oscillator. The 
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Short-circuit characteristics of а 250-Ку. high-frequency oscillator with the high side of 
the corcless transformer short-circuited. The following relations are given: Kilovolts 
across control gap versus current in low side of coreless transformer (Curve А). Kilo- 
volts across control gap versus current in high side of coreless tranformer (Curve В). 
(Smaller values of ampere scale to the left.)  Kilovolts across control gap versus kilowatt 
input of oscillator (Curve C). Scale to the right. 

Ап air blast was then played on the spark in the control бар. Curve D corresponds to 
Curve А under this new condition. Also Curve E of the kilowatts with the air blast on 
corresponds to Curve C. It will be noted that the air blast increases both the current and 
kilowatt input by producing a greater number of wave trains, as illustrated іп Fig. 5. 


coupling between the high- and fow-tension coils of the coreless 
transformer, howevcr, is not as close, as more insulation is 
necessary between coils. The short-circuit characteristics are 
shown іп Fig. 12. These are similar to those obtained with the 
125-kv. set. The effect of an air blast on the spark in the control- 
gap in increasing the current in the oscillator coils and the 
watts input, is shown in curves D апа E. The current 15 in- 
creased about 40 per cent. 
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Fig. 13 shows the no-load characteristic. For small values 
of control-gap setting the air blast increases the voltage obtained 
on the high side of the oscillator. This is probably due to the 
cooling effect of the blast raising the spark potential of the 
control gap. For higher values of the control-gap setting this 
effect becomes less noticcable. 

Curves B and D show the effect of connecting to the oscillator 
а 70-kv. oil-filled transformer bushing. These curves begin to 
bend over at about 230 kv. owing to the rapid increase of the 
brush discharge as the arc-over voltage of the bushings is ap- 
proached. This arc-over voltage is about 245 kv. 


PART II 


26. THE MANUFACTURE OF ELECTRICAL PORCELAIN 


In the order in which the work described in this paper was 
done, various experiences in testing porcelain with the oscillator 
should come next, but to understand the results of the experi- 
ments a knowledge of the characteristics of porcelain in its 
various stages of manufacture is quite essential. "Therefore the 
processes of manufacture will be mentioned before continuing 
with the experiences of testing. 

The object of this part of the paper is to endeavor to bring 
together the clements of scientific ceramics as they relate to 
porcelain for clectrical purposes, eliminating all products per- 
taining to various othcr industrics. 

The endeavor is to draw out of this mass of literature only 
the parts that scem to relate to porcelain for electrical purposes. 
The object 15 also to bring the subject of ceramics far enough into 
the field of electrical engincering to arouse an interest in the 
subject as it relates to our work. It is hoped to accomplish 
this by a cursory revicw of the subject, such as may be made in 
the time at my disposal, and in this review give references on 
the subject to the student who is desirous of making a further 
study into the details. 

On the side of ceramic engincering it is hoped to stimulate 
a sufficient interest to obtain help and place the ceramic engineer 
in а better position to help himself by giving definite methods 
of electrical tests and making definite statements of our rcquire- 
ments of porcelain parts uscd as insulators. Тһе natural aim 
is to improve the integrity of the insulators. Simply put, it 
is desirable to have an insulator which will never puncture nor 
break and if the potentials from lightning get beyond its dielec- 
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tric strength the insulator must spark over through the air with- 
out puncturing the porcelain. To attain this end, many com- 
plex and unsolved problems must be considered. In this paper 
we are interested mostly in the problem of the production of a 
desirable insulator rather than in methods of protection which 
may be used to prevent high potentials occurring on an insulator. 
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The relation of kilovolts across the control gap to the kilovolts on the high-tension side 
of the coreless transformer as measured by sphere gap. 
Б ue A, no load on oscillator: Curve В, loaded with one 70-kv. oil-filled transformer 

ushing. 

` An air blast was then played on the spark of the control gap and curves С and D were 
taken. Curve С, noload on oscillator, as in Curve А. Curve D, same load as in Curve B. 
It will be noted that except at low values of control gap the air blast had very little etfect 
оп the voltage generated. Іп general, with the revolving wheels for control gap, the air 
blast will change the number of wave trains without changing materially the voltage. 


27. DESIRABLE QUALITIES IN А PORCELAIN INSULATOR 


1: It shall be mechanically strong in compression and tension. 

2. It shall be tough, not brittle or fragile. 

3. It shall be non-porous. 

4. The porcelain shall be without appreciable cracks, lamina- 
tions, cavities, conducting flaws, or air pockets. 

5. It shall be of a fair, uniform dielectric strength. 
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6. It shall have a permanent glaze without cracks, roughness 
or checks to hold dirt in the surface. It is desirable to have 
the glaze as non-hydroscopic as it is possible to obtain without 
sacrificing other factors. - : 

7. Incidentally the coefficient of expansion of the porcelain 
should be low in order to permit of sudden changes of tempera- 
ture due to the weather conditions. 

8. The parts should be held together with non-changeable 
cement. 

9. In the matter of design the gencral rule to follow should 
be to keep the distance between the metal electrodes as great 
as the mechanical strength will permit. In general this rule 
calls for thicker porcelain than can be economically manufac- 
tured. 

10. The design should be such that the air around the insula- 
tor is weaker to puncture than the thickness of the porcelain 
even under super-spark potentials. 

11. The design should be such as to give a relatively long 
drip space for water so as to hold a high value of spark-over 
potential during a rain. 

12. For dusty countries extra lengths of creepage surface 
should be provided. 

It is far easier to state what is desired than it is to make defi- 
nite recommendations of how the desiderata are to be obtained. 
Every possible avenue of investigation should be tried until the 
desired. perfection of insulator is reached. 


28. LITERATURE ON PORCELAIN 


Most of the literature on ceramics treats of pottery from an 
artistic and historic standpoint. One must read hours to pick 
up a few grains of uscful information on the electrical porcelain 
intended for engineering purposes. One long book, containing 
over 700 pages on the manufacture of ceramic materials, devotes 
only one-half page to electrical porcelain. The Encyclopedia 
Britannica devotes many pages to what can be seen on the 
surface of some specimen handed down from the nations of 
antiquity. These specimens range in technical skill of manu- 
facture from the sun-dried pot, through the grade of soft porce- 
lain, and finally to the most difficult, namely the art porcelain 
composed of kaolin, or china clay. 

The writers on porcelain have not yet recognized that the 
modern electrical porcelain involves more attention to the form : 
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of the parts than the most fastidious Greek ever gave his. If 
in the ancient Greek art the curves were poor it displeased some 
of the cultivated eyes,—that was all. If in modern electrical 
porcelain the curves are poor, thousands of people are deprived 
of light and power,—which might be conceded as a more serious 
matter. 

Electrical porcelain is an art of the present decade,—an art in 
the making. The author has spent much time culling out of 
the massive literature on the civilization-old art some of the 
pertinent factors relating to electrical porcelain, and it is thought 
that such condensed information is of value to others who are 
interested but have not the time or opportunity to cover the 
subject. 

While making tests under new advantageous conditions the 
information has been brought to the attention of ceramic en- 
gineers, and it is hoped, through this system of checking, that 
inaccuracies regarding the porcelain manufacture in any of the 
essential parts have been avoided. The difficulties of getting 
definite information on porcelain will be fully appreciated only 
by those who have tried. In our own meetings we have even 
been advised as electrical engineers to leave this difficult subject 
to the particular man who fires the porcelain part. For the 
electrical engincer a cloud of mystery is thrown around this work. 
The desire to maintain trade secrets has obscured processes 
which are universally used. Either a knowledge of some of 
these processes must be furnished to the electrical engineer to 
intelligently interpret his -electrical tests, or else the ceramic 
engineer must fully master the electrical problem of design and 
produce the finished satisfactory insulators. One naturally 
turns to the Proceedings of the American Ceramic Society for 
information. In the Annual Report of the Board of Trustees 
the statement is made that, ‘‘ Our industries are most of them 
old, and most of them have been and still are administered upon 
mistaken policy of secrecy as a necessary condition of success. 
Very few practical ceramic chemists and works managers will 
tell what they know of their own branch of the industry." 


29. Dry Рвосв55 versus WET PROCESS 


Dry Process Porcelain. We are not concerned herein with all 
grades of electrical porcelain. Porcelain for electrical purposes 
is divided into two quite distinct grades, known as dry process 
and wet process porcelain. As indicated by the names, they differ 
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in manufacture mostly in the way the porcelain pieces are formed 
into the desired shapes. In the dry process, the raw mixture 15 
in the form of slightly moist granular particles containing about 
20 per cent of moisture by weight. These moist particles 
having the appearance of granulated or grated cheese, are made 
to cohere in a moment into a handleable soft mass by being 
subjected to a high mechanical pressure in a mold. This pres- 
sure, no matter how great, does not squeeze out the entrapped 
air between the particles and furthermore, under the usual condi- 
tions of firing the open pores still remain. Asa result, dry pro- 
cess porcelain is electrically only about equal to air in its dielec- 
tric strength. To get mechanical strength, the thickness of the 
porcelain parts is usually great enough to give safe dielectric 
strengths of the order of a thousand volts. When the voltage 
impressed on this porous dry process porcclain is several thousand 
volts the potential gradicnt at sharp corners of the electrodes is 
sufficient to start a molecular bombardment of the airin the pores. 
As a result the porcelain becomes heated, its ohmic resistance 
rapidly decreases with temperature and there is added to the 
heat of corona, the FPR losses. If the dry process porcelain 
is used on high voltages it is used as a mechanical support but 
not as an insulator. 

Wet Process Porcelain. The wet process porcelain is deposited 
in the form of a plastic cake, as will be described later, and 
although this cake becomes quite porous when it is dried out, 
the size of the pores, ог the spacing between particles 15 much 
smaller than in the dry process piece; consequently these par- 
ticles can be cemented together in the kiln by the flux when the 
temperature reaches the melting temperature of the flux. Look- 
ing at the condition from a slightly different standpoint, each 
grain of the dry process material is made up of many fine par- 
ticles of the same size as in the wet process and each grain be- 
comes fairly well cemented into a solid vitrified mass, but the 
separate grains of the dry process are vitrified together only in 
those touching points that are near enough together to be con- 
nected by the softened flux at high temperature. In the shrink- 
age many irregular masses are pulled slightly apart leaving not 
only open pores but open streaks which are easily observed with 
the naked eve by first soaking the porcelain piece in red ink, (or 
better still aniline stain in alcohol), and subsequently breaking 
the porcelain piece into fragments. 


% 
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30. THE INGREDIENTS OF ELECTRICAL PORCELAIN 


The three main ingredients of electrical porcelain are feldspar, 
clay and silica. 

The feldspar constitute a large portion of granite rock. 
After the granite is crumbled a certain amount of free feldspar 
results. There are three feldspars which exist either separately 
or more or less mixed mechanically and chemically in the mines. 

1. Potash feldspars, known also as common feldspar or the 
mineral orthoclase. It consists of potassium, aluminum, silicon, 
and oxygen. К, А], Sig О 

2. Soda feldspars—a tersilicate of soda—a mineral known as 
albite or indianite. It contains sodium, aluminum, silicon, 
and oxygen. Ма) Ale Sig О.в 

3. Lime feldspar or unisilicate of calcium—a mineral known 
as anorthite, consists of calcium, aluminum, silicon, and oxygen. 
Ca Al,Si;0s. The most important of these three feldspars for 
electrical work is potash feldspar. 

When the feldspars are disintegrated or separated into their 
resp^ctive constituent oxides they have the following chemical 
formulas and percentage of weight. 


| 
| Potash Alumina Silica 


otash \ | Molecular ргорегіісѕ............ K:0 Al:0, бі Оз 
['с11зраг f | Percentage weight.............. 16.9 | 18.4 64.7 = 100% | 
Soda | J Molecular properties............ | Na:O Al:03 бі Оз 
Peldspar | Percentage weight.............. 11.8% 5 19.6% 68.6 = 100% 
Lime | Molecular properties. ....... .. Ca O Al203 261 Оз 
Есі4сраг l Percentage weight.............. 20.1% 36.8% 43.1 = 100% 


CLAYS 


The two clays used as main constituents of porcelain are ball 
clay, and china clay or kaolin. The chemical analyses given of 
the clays differ from each other very little yet the properties or 
characteristics of these clays in the practical work of manufac- 
ture differ greatly. 

The important physical quality which distinguishes the clays 
is their degrees of plasticity. The physical and chemical condi- 
tions which give the clays their plasticity seems to be a mooted 
question still among the ceramists. The particles of clay are 
exceedingly small. They are sometimes spoken of as colloids. 
The plastic clay has an unctuous greasy feel when rubbed. 
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Although the cause of plasticity cannot be given, the quality 
itself is familiar. By plasticity, as used by ceramists, something 
more is meant than that quality of allowing a change of dimen- 
sions by kneading while maintaining the particles in cohesion 
such as exhibited by light bread dough. There is meant or 
implied that after the water, mixed with the clay to render it 
plastic and pliable, is dried out, the particles of clay will not 
crumble into dust but will remain in a sufficiently solid condi- 
tion to be handled without breakage. А variation in the relative 
weights of water is needed to render the clays from the several 
different mines plastic. The china clays and kaolins have not а 
high degree of plasticity and therefore there is added to them ball 
clay which has the highest degree of plasticity. А piece of soft 
ball clay can be rolled into a long round coherent thread or rope 
without breaking. After the raw porcelain is dry it must retain 
sufficient coherence not only to hold itself together but also the 
ground up particles of feldspar and flint, neither of which possess 
sufficient plasticity to give much aid. АП the clays lose their 
plasticity after being heated above a few hundred degrees centi- 
grade. It should be recognized that plasticity and coherence are 
among the most important qualities of raw porcelain. Many of 
the flaws are developed in an incipient degree before the por- 
celain goes to kiln. 

The word kaolin is a corruption of a Chinese name for the 
locality where the china clay was obtained for the ancient in- 
dustries. Kaolin, the clay, has an essential ingredient the min- 
eral kaolinite. Тһе formula for kaolinite is given in several 
forms. It seems evident that the molecular structure varies 
greatly according to the material from which the kaolinite was 
formed. 

Kaolinite is composed of hydrogen, aluminum, silicon, oxygen, 
and water of composition. The chemical formula is written as 
follows: H,A1,Si.Os + 1H:0. 

When the kaolinite is considered from the standpoini of the 
resulting product, after it is disintegrated, its composition is 
given in terms of its oxides, namely alumina, silica, and water, 
іп the formula Al;O;, 2 Si Oz, and 2 Н,О. The proportion of 
each of these is given in percentage directly below the corres- 
ponding formula. 


Alumina Silica Water 
Byformula................... А1:О; 2 Si О, 2Н,0 
By relative weight............. 39.8% 46.3% 13.9% 
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Kaolinite is derived from the disintegration of feldspar in 
granite rocks which is brought about by the action of the ele- 
ments, air, water and temperature. 

Granite consists of the mincrals orthoclase or microcline, mica, 
and quartz. | 

Silica, S102, silicon dioxid, silicic oxide, quartz, flint, crys- 
talline silica and sand are all uscd synomymously in relation 
to porcelain manufacture. All of these materials are nearly 
pure silica in slightly different molecular form and different in the 
nature of their smail impurities. In general this constituent of 
porcelain is called flint although in many porcelains ground-up 
quartz sand is used. Of tho other silica materials which are not 
used but which arc high in silica there is the precious stone opal 
which has a higher content of water, infusorial carth, and float 
scone. 

If we turn to the chemistry on these three materials we learn 
that the feldspar is uscd as a flux on account of its content of 
potash or soda. Flint, and quartz alone are very refectory 
materials and are not affected by the temperature of 1350 deg. 
cent., the approximate value of the temperature of a porcelain 
kiln. Quartz is not attacked by acid with the exception of 
hydrofluoric. Boiling alkalin solutions scarcelv affect it. Flint, 
however, dissolves more readily in boiling solutions of the alkalin 
hydroxides. АП the variecies of silica, however, when heated to 
redness with the alkalis, such as potash КО or the alkaline 
carbonites, combine with the bases forming silicates which 
enter into fusion at a high temperature and solidify to a vitreou: 
"mass on cooling. 

It is this solvent action of the potash of the feldspar on the 
quartz or flint which produces the solid porcelain mass. Тһе 
greater the quantity of feldspar or flux the greater the tendency 
to vitrify. Combinations of clay and silica containing very 
little flux require extremely high temperatures to vitrify—- 
several hundred degrees above the value usually obtained in 
the porcelain kiln. A definite idea of the softening temperature 
of the different compounds is furnished by the Seger cones 
which are used to measure the vitrifying condition in the kilns. 
These cones consist of the different minerals made up in a tri- 
angular pyramid, having a width of 9/16 in. at the base, 1/16 
іп. at the top and an over-all height of 27 in. The catalogue 
of the manufacture of the cones gives a complete list of ingredi- 
ents with the corresponding temperatures they represent. 
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Several of these cones, Fig. 14, differing by one number, are 
placed side by side as a unit, and are located in different parts 
of the furnace where it is desired to measure the temperature. 
As the temperature reaches the melting point of each cone it 
deforms by bending over like a wilted plant. These cones under 
the high temperatures of the furnace droop to different degrees 
and the one that is not deformed at all represents the temperature 
or limit of the vitrifying tendency of the furnace. 

To obtain a porcelain which will vitrify at different tempera- 
tures it is in gencral necessary only to change the content of 
potash or soda. It may be done also by using a feldspar contain- 
ing both potash and soda in combination as the two together 
seem to have a greater solvent action than either one alone. 

Lime feldspar is used not at all or only sparingly. Lime is 
one of the chief ingredients of common glass and apparently 
has undesirable qualities in porcelain. 


31. THE PROPORTION OF DIFFERENT MINERALS FOR PORCE- 
LAIN AND THE DIFFICULTIES IN OBTAINING AND MAINTAINING 
THESE PROPORTIONS DUE TO THE GEOLOGICAL CONDITIONS 

AND METHODS OF MINING i 


A standard mixture for porcelain for testing purposes is given 
as feldspar 20 parts by weight, quartz 30 parts by weight, kaolin 
50 parts by weight. In Bulletin 53 of the Government Bureau 
of Mines, Mr. А. S. Watts states that the role of kaolin in all 
pottery mixtures is that of a plastic bond. It continues to hold 
the material together through the drying process. In firing, 
the kaolin by its high refectory value and its resistance to the 
solvent action of the feldspar, enables the mass to retain its 
form although the particles of kaolin may be enveloped in fluid 
feldspar so completely that the mass becomes translucent and 
appears homogencous. 

The ingredients of porcelain as received in the mineral state 
by the porcelain manufacturers are liable to considerable vari- 
ations both in their chemical contents and in the molecular form 
in which they exist. One cannot understand the difficulties 
of porcelain manufacture without a comprehension of the 
methods and conditions of mining the minerals. The change 
of material sold by the same name and giving the same chemical 
analysis in a porcelain factory is usually not carried out within 
a year after the change is contemplated as it requires a very 
long time to learn the methods of handling the new material 
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Fired Seger cone showing the five lower cones entirely wilted, two cones part тау down 
and one cone still standing almost vertical. (Bulletin 53. By courtesy of U. S. Depart- 
ment of the Interior.) 
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in the many different forms in which electrical porcelain parts 
are made. In Bulletin 53 on mining and treatment of feldspar 
and kaolin in the Southern Appalachian region, already men- 
tioned, Mr. Watts devotes 170 pages to the study of this subject 
from many standpoints. He described deposits of feldspar 
which are in all grades of decomposition approaching kaolin. 
Before such material can be used it is necessary to separate the 
kaolin clay from the semi-kaolinized feldspar or otherwise it is 
necessary to have a uniform mixture which can be depended 
upon after the proper mixture of other clays and feldspar is 
determined by experimentation. There is always a consider- 
able amount of silica in one form or another in these deposits 
of clay and there are more or less impurities such as oxides of 
magnesium, calcium and iron. "There is often the mixture of 
minerals washed in from the surface during the time of mining 
and incidental deposits and streaks of other materials which 
have found their way into the mass during the time of their 
geological formation. Some of these foreign materials may be 
picked out in lumps by hand. There is usually present more 
or less mica. Indeed some of the mines are operated for the 
mica leaving the clays only as a by-product. The mica must 
be removed. The methods of refining the clays differ somewhat 
according to the nature of the deposits but the gencral plan 
followed is by separation by difference in weight of the particles. 
When the kaolin is formed by the decomposition of feldspar it 
apparently forms a colloid of extremely small diameter. This 
fact is utilized to separate the fine clay from the coarser quartz 
sand and feldspar by floating it in water. If a mass of this 
material is stirred up in water the heavier particles will immedi- 
ately settle to the bottom and the lighter particles can be floated 
off. It is by means of these settlings and floatations in water 
that the fine clay is separated from the coarser matcrials and 
is finally dried and thus prepared for shipment. If there exists 
in this mechanical mixture small particles of flint or feldspar 
they are of course carried over with the fine clay. Screens are 
used to separate the mica. In the final concentrating tank 
there is sometimes introduced a floculator in the form of alum 
in order to hasten the settlings of the very fine clay particles. 
With all these possibilities of impurities arising in the process 
of mining, with all the different molecular forms which this 
material may take and all the variations which may occur from 
one part of a mine to another, and with the impossibility of 
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getting any chemical analysis in general on which a practical 
porcelain manufacturer can depend, it will be appreciated that 
the difficultics in getting and maintaining the proper mixtures 
іп a porcclain factory are very great. 


32. SOME OF THE SALIENT POINTS IN THE FACTORY PROCESS 


The points in which we are interested in general are those 
which have a direct bearing on the final product as an insulator. 
After an examination of the dielectric strength of porcelain from 
four different manufacturcrs, all of which use different clays, 
and therefore vary in their chemical content to a certain extent, 
it would seen that within a considerable range, the minerals, as 
such, have little bearing on the dielectric strength. The miner- 
als in regard to their сазе of working and uniformity may have 
considerable to do with the final product in avoiding cracks, 
flaws, laminations, and other like mechanical accidents of manu- 
facture. - 

A certain quantity of china clay, ball clay, fledspar, and flint 
are ground separately to impalpable powder and are weighed 
out and thorwn into a large tank, known as an agitator, in which 
there is a motor-driven paddle which constantly keeps the ma- 
terial mixed up. The liquid consisting of these fine particles 
suspended in the watcr, of the consistency of heavy cream, 1s 
known as "slip." There is the possibility of some slight dif- 
ference in uniformity due to difference in weight of the particles 
and this is the first possibility of non-homogeneous material. 
A porcelain manufacturer states, however, that the probabilities 
are comparatively slight since all the matcrial is made fine 
enough to pass through a certain size sieve—100 to 200 mesh 
per inch. 

After being mixed in the agitator tank, the slip is pumped into 
filter presses іп which the water is forced out through canvas, 
leaving the fine materials deposited in the form of soft wet 
cakes. In this:deposition there is a tendency for the coarser 
material to segregate from the finer materials. Since this filter 
press is worked under considerable hydrostatic pressure and the 
fibres of the canvas must finally wear out, there will be occa- 
sionally here and there a fine cotton fibre which finds its way 
into the mass of clay. This fibre, carbonized in the firing, will 
form a ready path of puncturc. 

The cakes of deposited raw porcclain which come from the 
filter press are thrown in a pile and hammered down by a large 
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mallet. This material is then sliced off by means of a thin 
wire having a wooden handle at each end and the pieces are 
thrown into a pug mill. Human hairs, threads, and other 
carbonacious substances occasionally find their way into the 
porcelain during this period and subsequently cause an electrical 
flaw. 

The pug mill consists of a cylindrical receptacle about five 
feet high. In the center of this cylinder there is a vertical shaft 
from which extend horizontal arms or blades formed like the 
propeller of a boat. The blades cut through the plastic mass 
and constantly squeeze out the air and force the material down- 
ward. At the bottom is a horizontal opening, four to eight 
inches in diameter, out of which the soft mass is squirted by 
the pressure exerted by the blades above, or by an auger near 
the exit. It then has a consistency barely sufficient to hold 
its form. As this plastic mass comes from the pug mill it is 
cut off into cylindrical pieces by means of a fine wire. Тһе 
proper manipulation of the material in the pug mill is considered 
of very great importance as it 1s possible to leave the clay in a 
condition in the pug mill which will subsequently cause a suf- 
ficient defect in a porcelain part to condemn it for practical use. 
The pug mill is used to remix the constituent parts so that the 
materials will be uniformly distributed through the entire mass. 
To obtain this end, it is sometimes necessary to put the raw 
porcelain through the pug mill more than once and, as an inter- 
esting incident, it is necessary to add more water to the mass 
each time it goes through, to replace the loss due to heating 
which results from the friction of the revolving blades against 
the plastic mass. Before the raw porcelain is thus mixed in 
the pug mill it is possible to pick out spots where even inexperi- 
enced persons can recognize non-homogeneous conditions by 
the fecl and plasticity of the soft mass. 

In the usual molded process the soft plastic mass as it comes 
from the pug mill is formed or '' jiggered" into а “ blank” of 
the approximate shape which it is finally to have and the '' blank” 
is then left to partially dry. It is sometimes jiggered into a 
plaster paris mold. As the moisture evaporates from the sur- 
face the material shrinks to a certain extent and since the outer 
surface must always be drier than the central parts there must 
always exist a tendency for cracks to form on the surface. This 
is prevented by not having the plastic mold too dry, by Есер- 
ing the design dimensions within rcasonable limits, usually 
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within an inch of thickness, and by controlling the moisture 
content in the atmosphere of the drying room. Where a dry- 
ing room is full of fresh samples the humidity of the room is 
high and consequently the drying will be slow. In timcs of 
slack work where a less number of pieces are drying there will 
be more rapid drying and consequently a greater danger of dam- 
age through shrinkage. There will be a difference due to the 
humidity of the seasons. 

When the matcrial becomes fairly dry it should have suf- 
ficient strength to allow it to be handled in packing it in the 
saggers ready for firing and, in many cases, sufficiently strong 
to allow of turning in a lathe. Негсіп comcs an important 
factor of plasticity and coherence in choosing the ingredients 
of the porcelain. 

33. GLAZING 


After the porcelain pieces have become well air-dried they 
are glazed. The usual glaze consists of a material cssentially 
the same as the porcelain except that a higher percentage of flux 
is used which makes the glaze melt and run over the surface at 
a temperature which barcly vitrifics the body of the porcelain. 
The flux of the glaze unites with the porcelain body on the sur- 
face and forms a chemical combination which makes a grada- 
tion from pure glaze to pure porcelain. 

The glaze is put on the surface by means of dipping. The fine 
material in water in the tank is often kept in suspension by means 
of a stirrer and the dry surface of the porcelain absorbs the water 
and thus produces a thin coating of the glaze material on the sur- 
face in a powdered form. The moisture thus introduced in the 
material is then allowed to dry out and if the whole surface of 
the porcelain has been glazed it is necessary to scratch off the 
powder of the glaze where the porcelain piece will rest on the 
sagger or otherwise the porcelain piece after firing would be 
glazed solidly to the sagger. The colors of the glazes are pro- 
duced by different oxides. 

In other kinds of pottery there are other glazes and other 
methods of glazing used which have no application to any of the 
electrical porcelains. In some of the earthenware materials 
glazing is produced by throwing common salt, NaCl, onto the 
red-hot material. The chlorin is given off and the free sodium 
combines with the earthenware material and thus forms a glaze. 
In some work known as biscuit porcelain, used especially in art 
work, the porcelain is given a preliminary firing at a high tempera- 
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ture with по glaze on it. It is subsequently covered with а glaze 
requiring a much lower temperature to melt it. ‘Such a glaze 
will often have a difference of expansion relative to the porcelain 
body and there is, involved, therefore, a great tendency to check 
or crack, known technically as “ crazing.” Electrical porcelain, 
in general, is fired only once and glazed at that time or not at all. 


° 34. FIRING 


After the clay has been thoroughly air-dried and possibly 
baked to a temperature of 110 degrces to drive off all the free 
moisture it is packed in saggers which are yellowish, rough 
earthenware dishes, in the material of which there is a very 
small content of flux and therefore a much higher melting point 
than the porcelain parts which they contain. The usual saggers 
are cylindrical іп form, a foot or two in diamcter and high enough 
to accommodate the porcelain pieces. They are open at the top. 
These saggers containing the porcelain parts are stacked in the 
furnace one on top of another, making a column from the base 
of the furnace to the top. This column of saggers is called a 
bung. The furnace is completely filled with these bungs, leav- 
ing only room here and thcre above the many openings in the 
base of the kiln for the heat flames to rise as uniformly as possible 
through the entire mass. The usual kiln is bottle-shaped. 
Around its base at equal distances are eight fire-places which feed 
into a radial flue running to the center with several vertical 
openings into the kiln, 

The fires are then started, using either a good grade of coal 
or gas, and the temperature is gradually brought up for hours to 
a value in the neighborhood of 1310 to 1360 deg. cent. After 
reaching the maximum temperature it is usual to hold the tem- 
perature for several hours in order to let the heat soak uniformly 
throughout the mass of bungs. Тһе fires are then allowed to die 
out and the kiln cools, the whole process taking several days 
depending on the size of kiln. Тһе fire brick door is knocked 
out, the saggers are unstacked and the porcelain parts taken out 
and examined for flaws. Тһе porcelain parts which pass this 
visual inspection are then ready for the electrical tests. 


35. A REVIEW OF THE PROCESSES OF PORCELAIN MANUFAC- 
TURE WHICH HAVE TO DO WITH THE DIELECTRIC STRENGTH OF 
THE PORCELAIN THE CHOICE OF INGREDIENTS 
AS AFFECTED BY FIRING 


The firing temperature of a furnace is fixed by experience with 
a certain mixture of porcelain ingredients. It is assumed that 
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each mix of this material is the same as the previous one on which 
the experience was obtained. Necessarily then whatever be the 
chemical contents of the bins marked china clay, ball clay, flint, 
and feldspar, this material should be uniform. If these materials 
vary in chemical composition there is no definite way of determin- 
ing it until the firing is completed and all the damage is done. 
If the flux is too small in quantity the porcelain may be found 
under-fired and porous; on the other hand, if the flux is too great 
in quantity the porcelain parts may be over-vitrified and there- 
fore brittle and they may even be warped entirely out of shape ` 
by becoming too soft. Ап important point in this regard seems 
to be to keep enough solid material in the form of either alumina 
contained in the clay or relatively large particles of flint so as to 
hold the body of the porcelain in form during the firing. The 
desire of the ceramist is to obtain a body and flux which will have 
a wide range of temperature between the lowest temperature 
which will cause a softening of the flux and the lowest tempera- 
ture which will cause a warping of the porcelain due to its own 
weight. Тһе initial ingredients are then of great practical im- 
portance to the ceramist 1n obtaining a useful article, when the 
firing is completed, both in form and dielectric strength. Porous 
porcelain will absorb moisture and will therefore have its insu- 
lating value greatly decreased. As already stated, there is al- 
ways some surface on the porcelain piece which is not vitrified 
and it is through this surface that moisture may subsequently 
enter the whole body of porous porcelain. If the porcelain 
isover-vitrified it will be brittle and although its dielectric 
strength may be excellent it is liable to damage in shipment or 
installation due to its fragility. 


36. HOMOGENEITY OF STRUCTURE IN THE PLASTIC FORM 


Assuming then a proper choice of the mixture, the next im- 
portant step is the conditions of the pug mill. The material 
must be made thoroughly homogeneous when it leaves the pug 
mill. Otherwise there will be a separation into laminations or 
local spots that are not fully vitrified together. If many porce- 
lain parts of irregular form are broken up after they have been 
punctured electrically laminations will frequently be found in 
the material. It is stated that some of these laminations really 
originated at the time the clay was passed through the pug mill. 
As the raw porcelain in flat cakes comes from the filter press it 
will frequently contain a layer of flint. This layer of flint lacks 
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plasticity and if not thoroughly mixcd with the ball clay in the 
pug mill the raw porcelain in drying will open in a lamination or 
crack at this surface of weak plasticity. Where the lamination 
is perpendicular to the lines of electric force very little weakening 
in the diclectric strength of the porcelain piece takes place, but 
where this lamination occurs at an angle or parallel to the lines 
of electric force the porcelain part usually lacks enough dielec- 
tric strength to make it useful. 


37. FLAWS DEVELOPED DURING THE PROCESS OF DRYING IN 
AIR 


Occasionally it happens that changes of moisture in the atmos- 
phere, especially in the dry season which is the winter ume in the 
cold countries, will cause a shelf-full of drying porcelain or a few 
on the end of the shelf to dry with such great rapidity as to intro- 
duce local internal mechanical strains in the body of the solidify- 
ing material. It is therefore of great value to study the rate of 
change of plasticity and shrinkage at the different states of 
drying. Bourry (Treatise on Ceramic Industries— D. Van 
Nostrand Co.—) shows by the curves which follow that the 
greatest contraction takes place in the clay body at the time 
it is changing from a soft plastic condition to a solid form. 
Subsequently, although the moisture is still considerable, the 
shrinkage is very much less. It is thercfore during the early 
stages of drying that the greatest care must be taken to prevent 
a rapid evaporation from the surface of the porcelain. Subse- 
quently much less care песа be taken and more haste is permis- ` 
sible. : 

38. THEORY or DRYING 

Bourry divides the drying of raw porcclain into thrce periods. 
The piastic material consists of solid particles and water. The 
solid particles are all small but vary greatly 1n dimension from 
the very fine particles of clay to the coarsest particles of flint. 
Each one of these particles 1s surrounded by a film of water held 
in position by capillary attraction. This gives a certain fluidity 
ог ease of movement of one particle over another and 1s one of the 
factors which accounts for plasticitv. In this soft condition 
it can be stated that there is a certain definite volume of solid 
material and a certain volume of water. As the drying proceeds, 
the film of water between particles becomes thinner and the 
particles approach each other. which gives the general shrinkage 
or contraction of the body. 
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When these particles come into contact there can be no further 
shrinkage although there is still a considerable percentage of 
moisture in the mass. During this second stage when the par- 
ticles are coming into contact the volume of moisture is de- 
creasing at a greater rate than the shrinkage. It is probable 
that if all the particles were of cxactly the same dimensions there 
would be a very definite cessation of shrinkage when the particles 
come into contact. Due to the fact that the particles vary 
greatly in dimensions and the surface dries faster than internal 
points, there is a gradual falling off of the shrinkage, while the 
moisture continues to decrease at about the same rate. 

In the third stage the particles eee 

NG 
have all reached their minimum 17 те њм 
separation and the shrinkage -ДЕ 
entirely stops. During this third 
stage, however, moisture is still 
given off until finally all the free " 
moisture has disappeared and 
there remains only the moisture 


of constitution in the particles Fic. 15 
themselves Bourry's diagram of the relation of 


- | drying to volume, showing the percentage 

Bourry illustrates these three x АНЫН aces, на of volume, 
phases (Fig. 15) by tests on 
a cylinder of clay having a length of five times the diameter. 
The diameter was 1.575 in. (4 cm.) and the length 7.874 in. 
(20 cm.). Тһе volume of solid material іп the beginning was 55 
per cent and the volume of water 45 per cent. At the end 
of the first period, when,the shrinkage and water decreased to- 
gether, there was a reduction of 5 per cent in the volume which 
came from the loss of 5 per cent of the water, leaving 40 per cent. 
At this time the spaces between the particles were O; the lineal 
shrinkage was 3.7 per cent or 0.74 cm. 

At the end of the second stage of drying the volume of the clay 
was still 55 per cent, the volume of the clay and water was 67 per 
cent, and the volume of the water 12 percent. Тһе volume of the 
spaces between the particles was now 11 per cent. The total 
shrinkage was 22 per cent. "The lineal shrinkage was 8 per cent. 

At the end of the third period the percentage volume of water 
was 0. Тһе percentage volume of the spaces between the par- 
ticles had increased to 23 per cent but the total shrinkage re- 
mained as at the end of the second period, namely 22 per cent. 
Also the percentage lineal shrinkage remained 8 per cent. АП 
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of these relations are better shown in the accompanying table, 
taken from Bourry’s curves which are reproduced in Fig. 15. 


At the end of periods Ist 2nd 3rd 
| | 
Per cent volume of clay .................... 55. 55 55 
Men чш “ 4 & and water........... 95 07. 07 
= 72 “ M OPES кана Ed 40. 12. 0 
=н “ “ spaces between particles..... 0 11. 23 
M^ os “ “ shrinkage................ 5 | 22. 22. 
| 
| 
Per cent shrinkage in Пепріһ................. 3.7 ` 8. 8. 
cm. “ “ OP EE EON 0.74 1.6 cm 
“ $t average per һочг.......... 0.06 0.027 
mils “ “ м C eene 24 mils 


ы M “ “ minute........ 0.4 “ 


It is interesting to note that the lineal shrinkage decreased at 
the rate of 24 mils an hour or at the rate of 0.4 mil per minute. 
If we are to consider some scientific instrument for measuring the 
rate of shrinkage here is a variable factor which is available for 
use. | 

Another factor for use would be the variation in weight. 
For the sake of completeness Bourry's tabulated data of this 
test is given below. 


| Weight of | Volume of 
Duration ------------- 
" | | Per cent 
Water Shrink- Water total 
Clay (== age Clay Spaces volume 
per | рег |Percent| lineal рег Per | percent 

Days Hr. cent | cent | change |Percent, cent Per cent 

| cent | change 
2 75 25.0 2.1 55.1 ! 44.9 100.0 
12 75 21.5 3.5 3.7 55.1 | 38.7 | 6.2 0.0 93.8 
1 24 75 18.0 3.5 5.1 55.1 | 32.4 | 6.3 1.8 89.3 
36 75 14.5 3.5 6.5 55.1 | 26.1 | 6.3 3.3 84.5 
2 48 75 11.2 3.3 7.6 55.1 | 20.2 | 5.9 6.4 81.7 
| 60 75 8.0 | 3.2 80 | 55.1 | 14.4 | 58 9.4 78.9 
3 72 75 5.6 2.4 8.0 55.1 10.1 | 4.3 12.7 77.9 
84 75 3.8 1.8 8.0 55.1 6.8 | 3.3 16.0 77.9 
4 96 75 2.5 1.3 8.0 55.1 4.5 | 2.3 18.3 77.9 
108 75 1.7 | 08 8.0 | 55.1 | 31|14 | 19.7 77.9 
5 | 120 75 1.1 | 0.6 8.0 | 55.1 | 20 | 1.1 20.8 77.9 
| 132 75 0.7| 0.4 8.0 | 55.1 1.3 | 0.7 | 21.5 77.9 
6 144 75 0.3 0.4 8.0 55.1 0.5 | 0.8 22.3 77.9 
| 156 75 ud оз | 80 |55.1| 00 | 0.5 | 22.8 77.9 
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As an additional factor the rate of drying has considerable 
to do with the value of the shrinkage. Two identical samples 
were dried at different rates. One sample was dried in one day 
and shrank 7.75 per cent. The other sample was dried slowly 
in 15 days and shrank 8.50 per cent, which is an increase of 
10 per cent in the shrinkage. | 

Тһе rate of drying is affected by the consistency, that is to 
say, by the percentage of moisture present. Bourry gives an 
illustration of samples of plastic porcelain in which the initial 
quantity of water was 10 per cent, 20 per cent and 30 per cent. 
The one with the highest percentage of water dried the fastest. 
The results are shown in the following table: 


1 
Proportion of water | 10 Per cent! 20 Per cent | 30 Per cent 
| | 
x | 
Lossin per centin 1 day .................... 4% 5% | 8% 
Days to Чг шык Ии кен Бик OES Ee NO 4-1/2 5-1/2 6-1/2 
Ratio of days їо 4гу.......................... 1 1.22 1.44 


— — ——— Se sas 


Since the rate of evaporation is affected by the amount of moist- 
ure present, if a tool used in forming the plastic porcelain squeezes 
out moisture locally mechanical strains will be introduced dur- 
ing drying which may cause laminations or cracks. This result 
may be due to the difference іп content of moisture or it also 
may be due to a segregation of the plastic clay from the non- 
plastic powdered flint. The plastic clay will ooze through the 
solid flint and may produce locally a non-homogencous con- 
dition. This non-homogencous condition will affect not only 
the rate of drying and the plasticity but also the vitrification 
in the furnace when it is at its maximum tempcrature. 

Bourry gives very little definite information regarding the 
content of moisture in the plaster of Paris molds. When the 
plaster of Paris molds are very dry the moisture is taken away 
from the surface of the porcelain, in contact with the mold so 
rapidly as to cause it to check. Where the “ blank" is subse- 
quently turned down on a lathe these surface cracks are turned 
off. 

In every case it must be understood that moisture cannot 
flow unless there is a different degree of moisture. Consequently 
the surface of the porcelain must always be drier than the in- 
terior and the problem is to keep this difference in degree of . 
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moisture to a value which will not cause cracks from unequal 
shrinkage. The movement of moisture from particle to particle 
corresponds to the transference of heat through an ordinary 
solid body, also to difference of potential in the electrical cir- 
cuit. If projecting parts are used on the porcelain surface it 
is sometimes necessary to retard the evaporation from these 
localities where the area exposed, relative to the volume, is 
much greater than the same ratio for the main body of the dry- 
ing porcelain. 


39. FLaws DEVELOPED DURING THE PROCESS OF DRYING 
AND DEHYDRATION IN THE KILN 


Another critical stage apparently, in the manufacture of 
porcelain, occurs in the kiln at a temperature of 400 to 500 deg. 
cent. At this temperature the water of composition of the clay 
is thrown off. The changes taking place 
in the green porcelain are illustrated by 
a study made by Messrs. G. H. Brown 
and E. T. Montgomery in the U. S. 
Bureau of Standards, published in 
Фо Bulletin No. 21. Fig. 16, taken from 

the Bulletin, is the rectangular diagram 
Fic. 16 К : 

The relation of loss of weight Of the loss of weight in per cent for 
Ange ИВЕ 0 different temperatures of firing on a 
Baan Non oL Мопотегу, North Carolina kaolin. The material 
кашек ылады. was air-dried to 110 deg. before this test 
was started, so that probably the free moisture had been all 
evaporated. From a temperature of 110 to 400 deg. the loss in 
weight was slightly less than two per cent but between 400 and 
450 deg. the loss of weight was approximately 10 per cent and 
the total loss of weight up to 800 deg. was 14 per cent. From 800 ` 
to 1000 deg. no further decrease in weight took place. When we 
consider that the air-drying stage of a porcelain piece will usually 
require about three wecks and the decrease in moisture is less 
than occurs in the porcelain kiln it is seen that a possible damage 
might be done to the porcelain material during the early and 
apparently unimportant part of the firing. To remove from 
the body of a piece of porcelain 10 per cent of its weight in the 
form of moisture within a few hours would necessarily involve 
`a rapid movement of moisture from particle to particle. The 
green porcelain is in a stage of drying in which the rate of dry- 
ing may be high since there are only mall changes in volume 
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taking place. Тһе spaces between particles increase somewhat, 
that is to say, the porosity is greater at this stage. It is possi- 
ble that a considerable expansion of the material may take 
place during this period and if the rise in temperature is too 
rapid the material will be puffed and warped by the sudden 
changes. If the air-dried porcelain is placed directly into a 
hot electric furnace it will be reduced to a powder. 

There is a limit to the thickness of porcelain that can be 
successfully fired (in general about 1.5 1n.) and it may be that 
one of the factors which gives this limitation is the method of 
firing universally employed, especially the rate of change of 
temperature in the neighborhood of 400 deg. 

The effect of time on this dehydration of the kaolin is given 
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Fic. 17 š 
The effect of duration of time on the dehydration of kaolin. (Bulletin No. 21. By 
courtesy of Bureau of Standards.) 


in Fig. 17, taken from Bulletin 21. This curve shows that ata 
temperature of 450 deg., the most of the moisture will be thrown 
out in about 30 hours. At 500 deg. most of the moisture 
will be thrown out in five hours. 


40. VITRIFICATION 


Another important stage of the formation of porcelain is the 
time of maximum tempcrature. The chemical dissolutions and 
combinations which take place іп the semi-molten condition 
require considerably more time than when the materials are in 
a molten fluid condition. Consequently a temperature of 1310 
deg. held for several hours may give complete vitrification, 
whereas a shorter time would leave the material under-vitrified. 
Briefly stated, the vitrification depends not only on the tem- 
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perature but also on the duration of the high temperatures. 
The time of cooling is usually so slow that in general this is a 
stage of comparatively little danger, since the porcelain has 
already attained the characteristic of having a very small coef- 
ficient of expansion. 


41. SUMMARY OF THE IMPORTANT POINTS IN THE MANUFAC- 
TURE OF PORCELAIN FOR ELECTRICAL PURPOSES 


Composition (chemical and molecular). 

Keeping the ingredients uniformly mixed. 

Keeping the ingredients uniformly plastic. 

Keeping the mass from unequal contractions in drying. 
Keeping the mass from uncqual contractions in firing. 
Bringing the firing temperature to the proper range and 
holding it for the corresponding proper period of time to fill up 
the pores with vitrifving flux but not to cause a high degree of 
vitrification, forming a brittle, fragile mass. 


СРБОВ зі a ss 


PART III. EXPERIENCES AND EXPERIMENTS IN TESTING 
PORCELAIN WITH THE HIGH FREQUENCY OSCILLATOR 


42. ON THE SUBJECT OF THE DETECTION AND MEASUREMENT 
ОЕ SUPERPOSED HIGH VOLTAGE ON THE WAVE TRAINS OF THE 
OSCILLATOR, THE SUPERPOSED VOLTAGES BEING DUE TO THE 
REFLECTION OF THE LOCAL OSCILLATIONS OF CREEPAGE SPARKS 


It was noted in two different sets of tests that a type of porce- 
lain bushing having an avcrage puncture potential of 85 kv. 
under oil may apparenily haye a higher value of puncture volt- 
age, as represented by the setting of the sphere gap, when a 
creepage spark is allowed to play over the surface of the oil be- 
tween the two electrodes, the porcelain bushing in this case 
being near the surface of the oil so that its central metallic con- 
ductor is parallel to the oil surface and therefore in a position 
to encourage the formation of a creepage spark. Under these 
conditions of creepage spark the avcrage puncture potential of 
a bushing of the same type was over 100 kv., an increase of 17 
per cent. | 

There are so many variable factors in comparing these two 
conditions that it 1s difficult to draw directly definite conclusions 
as to the cause of the difference. | 

The following is a description of the two scts of tests, after 
which a discussion will be given of the various factors involved. 
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A porcelain bushing, 13.5 in. long, and having an average 
thickness of 0.94 in. at the thinnest part of the corrugation, was 
supported horizontally on a metal rod and immersed in oil, 
Fig. 18. The metal rod was connected to the ground and a 


Fic. 18 


One method of applying high-frequency potential to porcclain bushings under oil. The 
end of the electrode on the right was two in. wide and ¢ in. thick, rounded on the edges. 


vertical electrode was placed in the groove of the corrugation. 
The width of the metal electrode was about one inch and its 
thickness about 3/16 in. with the edges rounded off. Both 
these electrodes projected out of the oil at an average distance 
of 12 in. apart. Consequently, when the potential was applied 


PERCENTAGE OF TOTAL PUNCTURES 


PUNCTURE VOLTAGE. KV 


Fic. 19 


Puncture voltage of porcelain bushing under oil. Representation of the percentage of 
Punctures which took place at different impressed voltages as the voltage was gradually 
raised at the rate of about 5 kv. every 10 seconds. The numbers at the points represent 
the numbers of punctures at different spots of the same bushing. 


above a certain voltage, sparks over the surface of the oil were 
produced between the two electrodes. The question arises, 
did the creepage sparks increase the gap setting of the spheres 
by superposing surges on the wave trains of the oscillator? 
We know from much experience in testing with 60-cycle fre- 


1915] CREIGIITON: INSULATOR TESTING 801 


quency that local sparks on an insulator or lightning arrester 
under test, will greatly increase the equivalent gap in paral- 
lel, although the voltage by ratio remains the same with or 
without the sparks. 

There were 13 puncture tests made on one end of the bushing 
and 12 on the other, making a total of 25 punctures. The values 
of puncture potential, minimum, maximum, mean between the 
extremes, and average, are given in the table farther on. 

It should be understood that these figures are not actual volt- 
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Puncture of porcelain bushings under oil. Three different thicknesses are shown. Per- 
centages of total punctures are plotted in relation to the kilovolts at puncture. Each curve 
represents punctures at different points on the same piece of porcelain. 


ages but the voltages corresponding to the gap sctting of the 
sphere gap as calibrated by tests with 60 cycles. The data of 
the tests are plotted in Fig. 19. 

Another piece of porcelain of the same type, thickness, and 
manufacture was tested undcr identical conditions except that 
the creepage spark over the surface of the oil was entirely pre- 
vented. The plot of the data 16 shown in Fig. 20 of the second 
curve. There were 55 punctures total with an average puncture 
potential of 85 kv. as compared to 102 kv. in the previous test. 
This information is tabulated іп the table below. 


One bushing | Another 
tests allowing creepage spark | bushing 
tests with no 
| creepage 
Ist end ! 2nd end Total spark 

No. of tests.................... 13 12 25 55 
Minimum..................... 72 90 72 70 
Maximum..................... 114 120 120 118 
Майа ы d ee қад 93 105 96 94 
Ауетаде...................... | 96 | 107 102 85 


- 


802 CREIGHTON: [INSULATOR TESTING (Feb. 19 


To forestall questions which are bound to arise the following 
speculations arc given: So far as the data here collected are 
concerned, the cause of this difference may be апу one of several, | 
alone or in combination. These possible causes will be enumer- 
ated: First, the porcelain bushings were fired at different 
times, and possibly at different temperatures, and the porcelain 
material may not have been identical in dielectric strength. 
(As a matter of fact tests will be given later to prove that: the 
difference in porcelain constituted the entire difference in dielec- 
tric strength.) 

Second. The creepage sparks over the oil make a demand for 
more energy from the oscillator and in so doing the regulation 
drops the voltage and therefore may require an increased length 
of the control gap. 

Third. Momentarily there may be impressed on the circuit 
a high voltage corresponding to the unloaded condition of the 
transformer. This voltage may start a new creepage spark. 

Fourth. The rapid extinction of the creepage sparks may re- 
flect local oscillations of extremely high frequency back to the 
sphere gap and these local oscillations may cause the sphere gap, 
at a certain setting, to spark over morc easily due either to a 
higher voltage or to a higher frequency) —or both may exist at 
the same time. 

Fifth. Again, another factor is involved in the relative di- 
electric spark lag of the 0.94 in. thickness of porcelain, and the 
long creepage spark over the surface of the oil. If the creepage. 
spark takes place more quickly than the puncture of the porce- 
lain the creepage spark by absorbing more energy and dropping 
the voltage may be an actual protective gap to the porcelain. 

Sixth. There is also a factor which enters into this problem in 
the matter of time of application of voltage on the surface of the 
porcelain. The electrode employed has comparatively thin edges 
and therefore its potential gradient will be high at the surface 
of the porcelain. This high potential gradient when the voltage 
is carried up to a value approaching the puncture potential, will 
begin to damage the porcelain locally at the electrode. Failure of 
the porcelain should therefore be a gradual growth depending 
upon the time of application. 

If the user of the oscillator had to take into account all these 
complex factors it would require a rare technical skill. It will 
be the object of the studics which immediately and later follow, 
to show that complications of superposed oscillations, frequency, 
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and so forth are usually negligible factors in testing insulators 
with the oscillator. The problem is thereby stripped of most of 
its complications, leaving a simple condition which takes care of 
itself automatically in the practical procedure of testing. 


43. Tests TO DETERMINE WHETHER CORONA STREAMERS AND 
CORONA SPARKS PropucE LOCAL OSCILLATIONS IN THE CIRCUIT 
WHICH AFFECT THE SPHERE GAP SETTING 


In the previous tests of porcelain bushings the electrodes were 
so arranged that a spark could take place over the surface of the 
oil just above the bushing.. With this arrangement it was pos- 
sible to limit the stresses on the bushing to a local point where 
the upper electrode touched it, yet at the same time get a creep- 
age spark over the surface of the oil. Ordinarily when tested 
in air the creepage spark over the surface of the porcelain is 
liable to find some weaker spot than the one where the electrode 
rests and thereby cause a discontinuation of the experiments 
by puncture. 

In order to exaggerate the effects of creepage sparks, a pane of 
glass š in. thick was used as dielectric. The electrodes consist 
of two iron rods } in. in diameter with rounded ends. These 
electrodes were placed in the same axial line on opposite 
sides of the glass. 


44. First SET OF TESTS ON GLASS 


In the first sct of tests the control gap and equivalent spark 
gap were increased at the same time. As the impressed voltage 
was increased the corona streamers, mostly blue but sometimes 
slightly white, increased in area over the surface of the glass. 
At the maximum voltage obtainable, namely 45 kv. by spark 
gap with a setting of 11.1 kv. on the control gap, the radius of the 
corona was 5% in., giving a total area on each side of the glass 
plate of 104 square inches. The following series of readings 
was taken: 


Control Gap Spark Gap 


kv 32 kv. 


1.8 
3.0 
4.6 “ 36 “ 
6.7 
1.0 


pad 


804 CREIGHTON: INSULATOR TESTING [Feb. 19 


As an explanation of why the voltage generated by the oscil- 
lator is apparently so very limited we must look to two different 
causes. First, the corona is equivalent to an increase in capaci- 
tance. Second, the corona absorbs energy. Either of these 
causes will limit the potential-of the oscillator by over-loading 
it. 

In order to determine the cffect of capacitance, tinfoil plates, 
7 by 9 in., (63 sq. in.) were used as clectrodes. As a result the 
maximum voltage obtained was reduced from 45 kv. as given in 
the previous test, to 28 kv. Even at 28 kv. there was а corona of 
1i in. visible in daylight surrounding the tinfoil plates. This 
made a total area covered by plate and corona of 10 by. 12 in. 
(120 sq. in.). During this test the control gap was set on 11.5 
kv. With the electrodes alone the area was 104 sq. in. which was 
increased to 120 sq. in. with the plate and corona together. This 
increase of 16 per cent in area reduced the voltage by 37 per cent. 
The arca of corona around the metal plates was 57 sq. in. which 
is a little less than half of the corona area in the previous case. 
It would appear from these figures that the capacitance was a 
large factor in reducing the voltage at the terminals of the oscil- 
lation transformer. 

Capacitance of glass plate 1 in. (0.322 cm.) thick and an area of 
104 sq. in. (670 sq. cm.) is 1.1 milli-microfarads (10-9 farads). 

At 300,000 cycles and 45 kv. this capacitance of 1.1 X 10” 
farad gives a momentarv load of about 29 amperes or 1170 kv-a. 

This capacitance of 1.1 milli-microfarads is equivalent to the 
capacitance of thirty suspension type insulators in parallel, 
which is three to six times full load for this oscillator. 


45. EQUIVALENT SPARK GAP OF CORONA ON A GLASS PLATE 


The equivalent spark gap of corona on glass plates is depend- 
ent upon the voltage applied. Two tests of a slightly different 
nature follow. In the first one, the spark gap was set per- 
manently on 37 kv. and the control gap was gradually increased. 
With the control-gap setting of 3.2, a spark was formed around 
the edge of the plate which was 41 in. away from the electrode, 
making a total length of spark of 9 in. No discharges took place 
over the spark gap for this low setting of the control gap. 

At a sctting of 4 kv. of the control gap there was one discharge 
over the spark gap in seven total. 

At five kv. setting of the control gap there were four sparks 
over the spark gap to ten total. 
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At six kv. setting of the control gap there was about equality 
between the spark gap and the spark around the glass plate, 
that is to say, five out of ten total. 

At seven kv. setting of the control gap the sparks over the 
spark gap increased to seven in ten impulses. 

At eight kv. setting the sparks over the spark gap increased 
to eight in ten impulses. ` 

At 8.5 kv. setting of the control gap there were nine dis- 
charges over the spark gap out of a total of ten impulses. 
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Arc-over tests on a glass plate k in. thick and with the electrodes 4} in. from*the edge 
ofthe plate. Electrodes were placed in the same axial line perpendicular to the plate, con- 
sisting of ріп. rods with the ends rounded. The gap was set constantly on 37 kv. and 
the control gap was gradually increased. For low values of the control gap 3.2 kv. all the 
discharges took place over the surface of the glass and a creepage spark of total length of 
9 in. 


At nine kv. setting of the control gap there were 19 discharges 
over the spark gap out of 20 total. 

At 9.5 kv. setting of the control gap there were 40 discharges 
of the spark gap out of a total of 40, but at a setting of ten kv. 
on the control gap one discharge took place over the glass plate, 
making a record of 39 over the spark gap to 40 total. 

At a control gap setting of 10.5 kv. there were 100 successive 
discharges over the spark gap out of a total of 100 impulses, 
there being very slight tendency to spark on the glass plates. 

In this set of tests it is seen that the equivalent spark gap 
of electrodes separated by a thin glass plate depends upon the 
value of the applied potential the same as has been shown in 
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tests on lightning arresters using Leyden jars charged from 
the static machine. . 

The change in the equivalent spark gap is shown diagram- 
matically in Fig. 21. 


46. THe EQUIVALENT SPARK GAP WITH THE CONTROL GAP 
REMAINING CONSTANT 


- In the next set of tests the control gap was set on 3.5 kv. 
which was just sufficient to cause 44 in. radius of corona, and a 
spark around the edge of the glass plate. It was necessary to 
reduce the spark gap from 37 kv. sctting to 32 kv. setting in 
order to take the spark away from the glass plate. It should 
be recalled that at high control-gap setting the spark gap set 
even оп 37 kv. took all the discharge away from the glass 
plates. · | 

By increasing the control gap setting to four kv. and with a 
setting of 32 kv. on the spark gap, it was possible to take away 
the discharge from the glass plates and keep it in the spark gap. 
When the spark gap was increased two kv. to 34 kv. there were 
32 discharges over the spark gap out of a total of 40, leaving 
eight discharges over the glass plate. | 

With the control gap setting of 10.5 kv. it was necessary to 
elongate the spark gap to 44 kv. before the discharges would 
all take place over the glass plate. 

In none of these tests do we find the solution of the problem 
of the effect of the oscillation set up by the corona streamers 
and corona sparks. "Therefore the next set of tests is planned 
to throw some light on this subject. 


47. THE PUNCTURE VOLTAGE ОЕ A Grass PLATE WITH А 
Drop oF Оп, AROUND THE ELECTRODES 


The same electrodes were used and a glass plate lying hori- 
zontally had a few drops of oil placed around the upper electrode. 
The main gap of the oscillator was then closed momentarily a 
number of times with control gaps ranging from one kv. up to 
2.5 kv. The spark gap voltages corresponding were from 32 
kv. up to 40 kv. After the eighth brief application of potential 
with a setting of 2.5 kv. on the control gap and 40 kv. on the 
spark gap the glass was punctured. This experience gives a 
very definite clue to the immunity of puncture in the previous 
test. It should be recalled that the control gap setting was 
increased to 11.1 kv. and the spark gap to 45 kv. without caus- 
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ing a puncture of the glass. We now applied less voltage and 
very quickly got a puncture. The distance of the electrode 
from the edge of the glass in this last case was only 1.3 in. and 
occasionally there would be sparks break through or over 
the surface film of oil and spark around this short width of 
glass. | | | 
The obvious explanation of this phenomenon of puncture of 
glass at lower voltage than it had previously withstood is in 
the difference in concentration of the electrostatic field. With- 
out the film of oil the voltage gradient at the electrode can rise 
only to a value which will start the corona discharge in air and 
any further increase in the voltage simply increases the area 
covered by the corona which, in effect, increases the area of the 
plate and gives a better distribution of the electric field over 
the plate. On the other hand, when the oil is used, the corona 
streamers are to a very great extent restricted and the potential 
is concentrated locally and causes a disruptive spark to punc- 
ture the glass. n 

While the variations in the equivalent spark gap involved a 
complicated study of dielectric spark lags the actual use of the 
oscillator to measure these different conditions is very simpae. 
We must assume in each case that even if the spark gap does not 
measure the actual voltage it does measure always the tendency 
to spark which is the condition in the circuit against which 
it is desirable to protect. In testing porcelain bushings in air 
the same effect will take place as shown in the tests on glass in 
that the corona at the edges of the electrodes will decrease the 
effect of the sharp edges of the electrodes. In testing thin pieces 
of pcrcelain in air mary new points of the porcelain are reached 
by the spreading of the corona streamers and there will be added 
the additional factor of puncture through local weaknesses 
in the porcelain. "The porcelain is not nearly as homogeneous 
as glass. Тһе wave trains generated are of very high frequency 
and the superimposed oscillations from local sparks, while higher 
in frequency, are, comparatively speaking, not much higher. 
As a result the spark gap is not affected very much. In other 
words, the change of frequency and wave front from 60-cycles 
to say a million cycles is enormous as compared to the change of 
frequercy and wave front from the oscillator to that of the local 
oscilations. Тһе first ratio is of the order of 17,000 and the 
second of the the order of 3. Негеіп lies the simplicity of 
testing with the oscillator. 
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In testing porcelain under oil one must take into account the 
maximum voltage gradiert which can be applied at the contact 
point between the electrode and surface of the porcelain without 
damaging the porcelain. This value of voltage gradient is 
readily determined experimentally for any particular shape of 
electrode that it is desired to use. Such tests will be given 
further on. 


48. FURTHER STUDIES OF PUNCTURE POTENTIAL OF PORCELAIN 
UNDER OIL BY THE USE OF THE OSCILLATOR 


Three thicknesses, namely 0.63 in., 0.94 in., and 1.12 in., were 
tested and recorded. The test pieces were corrugated porcelain 
bushings of the gereral form shown in Fig. 18. In Fig. 20 
three curves are shown of tests on the three thicknesses. 
The three pieces of porcelain were each punctured a num- 
ber of times. By conducting many tests on one piece of 
porcelain it is thus possible to keep the factor of quality of the 
porcelain constant. The three curves are entirely independent. 
The method of test was to gradually raise the potential two kv. 
every five seccnds until puncture occurred. In plottirg this 
data the kilovolts at puncture are taken as the abcissas and the 
percentage of the total number of punctures at the different 
voltages as the ordinates. The upper curve is the result of 40 
punctures total, all on one test piece. The minimum puncture 
potential was 74 kv. There were two punctures at this volt- 
age, which is 5 per cent of 40 total punctures. Percentage is 
used instead of the actual number of punctures in these curves so 
that comparisons can be made between the three different thick- 
nesses tested. There were only two places tested that withstood 
90 kv., the maximum value. This is also shown as 5 per cent on 
the upper curve. Attention is directed to the peculiar low point 
at 84 kv., as it will be shown in a different way in another dia- 
gram later. It may or may not have any special significance. 
Attention should also be directed to the small range of puncture 
potential for this thickness of 0.63 in. Most of the punctures 
occurred between 80 and 88 kv. These general relations тау be 
interpreted from a tabulation of the maximum, minimum, aver- 
age, and mean between the extreme values as printed on the 
curves. The ratio of the minimum to the maximum is 82 per 
cent and the mean and average valucs are identical, showing 
general symmetrv in the results. : 

Тһе second curve (0.94 in. thick) is the result of a total of 55 
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punctures taken on one bushing. This greater thickness shows a 
‘wide range of puncture voltage. The minimum puncture voltage 
of 70 kv. wasevenlessthan the thinner test piece. The maximum 
puncture voltage was 118 kv. but there was only one spot that 
 withstood this potential. For this greater thickness of porcelain 
there is no definite puncture voltage as in the previous case. 
The ratio of the minimum to the maximum is 60 per cent which is 
22 per cent below the range of the thinner porcelain-just-given 
above. | 

In the third curve the thickness was 1.12 in., ard a total of 
48 punctures was made on the porcelain piece. Here again the 
puncture voltage is spread over а wide range with no definite 
point of failure. Apparently in both of these thicker pieces 
the conditions of manufacture or test of the porcelain were such 
as to give a wide range of dielectric strength. The ratio of 
the minimum spark potential in this case was also 60 per cent. 
In the early part of the work it was endeavored to get as many 
punctures as possible or спе sample. In so doing it was found 
that the cracks from one puncture would occasionally carry into 
the spot where the successive test potertial was applied ard this 
spot would thereby be weakened. As soon as this fact was es- 
tablished greater distances were made between puncture points. 
To further insure that the cracks did not carry from one puncture 
hole to the next, further precautions were taken. The punctures 
were filled with red stain and then thoroughly dried, the porce- 
lains were then broken into pieces and where the red stain showed 
that a crack had carried from one punctured point to another the 
second reading was thrown out. 


49. A REPLOT OF THE Data or Fic. 20 To SHOW TENTATIVELY 
PossiBLE NATURAL GRADATIONS OF FLAWS 


In Fig. 20 the percentage of the total number of punctures at 
each value of kilovoltage applied was given. In Fig. 22 the 
values of punctures are summed up from the lowest voltage to 
the highest voltage. Both curves, 1 and 2, show a peculiar 
shoulder at 82 kv. АП the curves show а bend at the highest 
values. Tentatively, we may interpret these curves as follows: 
It is conceivable that there is a certain class of flaws which are 
devloped between 70 kv. and 82 kv. Above this value we get 
into the condition of the normal strength of the porcelain which 
requires a considerable increase above 82 kv. before the number 
of failures again increases rapidly. In the case of curve 1 it 
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required 85 kv. to increase the percentage suddenly from 53 
to 85. In curve 2 the range was wider, being between 90 kv. 
and 100 kv. In the third grade of the diclectric strength given 
by the porcelain there are those local spots which approach per- 
fection in the homogeneity of the porcelain material. There- 
fore the high-voltage strains which are at the limit of dielectric 
strength do not develop into a puncture so easily. As already 
stated, this analysis is only tentative, and even if it is true for 
this particular grade of porcelain it may not apply in the same 
way to a different mixture of material. We have found, how- 
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А replot of the puncture tests of: Fig. 20. Тһе kilovolts of puncture versus the sum of 
punctures. Тһе shoulders on the curves may represent a different grade or kind of Нау in 
the porcelain. 


ever, that there have been in nearly every case fairly definite 
degrees of flaws which can be developed in rather definite ranges 
of potential. To illustrate this idea, the grades might be divided 
as follows: First, accidental cracks or lamination which are 
at more or less of an angle to the surface of the porcelain and 
which therefore decrease the puncture length through the 
porcelain. In the second grade would be those flaws of the 
nature of “ blebs” or closed bubbles also open pores. Іп the 
third grade there exists the highest degree of homogeneity with 
very slight differences in dielectric strength from particle to 
particle as we pass from surface to surface. 
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50. TESTS WITH THE ELECTRODE PLACED SUCCESSIVELY IN 

THE VALLEY OF EVERY ADJACENT CORRUGATION IN THE SURFACE 

OF THE BUSHING. THE RESULTS SHOW THE INTERNAL ME- 
CHANICAL STRAINS DUE TO SHRINKAGE 


In the records of the tests shown in Fig. 19 the upper electrode 
was always moved a distance of two corrugations away from 
the previous test. In the earlier tests the electrode was moved 
into the adjacent corrugation. In so doing some interesting 
conditions relative to internal strains were disclosed. Fig. 23 
shows one of several punctures 
which took place in the porcelain. 
It will be noted that there are 
two streaks which are only 0.25 
in. apart but are 0.81 in. long. 
If the porcelain had been uni- 
form there would have been a 
straight puncture through the 
porcelain perpendicular to the 
surface (0.62 in.). The fact that 
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Fic. 23 
` Parallel puncture streaks close together 
as compared to the length of the streak. 
This phenomenon shows latent weakness 
in the porcelain at the end of the bushing, 
which seems to be due to the process of 
air drying. 


Fic. 24 


A number of puncture streaks are shown 
at different lengths of the bushing similar 
to those of Fig. 23. It should be noted that 
all the puncture streaks at the ends and at 
the middle are in a downward direction, 
which seems to indicate the effects of air 


drying in causing latent cleavage surfaces 
in the porcelain. 


there are two punctures about 0.8 in. long side by side follow- 
ing parallel paths separated by only one-quarter inch indicates 
that there were mechanical strains in the porcelain, placed 
there during the manufacture, which caused more or less of a 
cleavage or a line of weakness. This porcelain was jiggered 
into the form of a long, smooth tube while it was in a plastic 
condition. After partial drying sufficient to give it enough 
tenacity to hold together, it was placed on a lathe and the 
grooves or corrugations turned into the surface of the “ blank.” 
The material was then allowed to complete its drying. Prob- 
ably during this second process of drying these laminal strains 
were introduced. There is every reason to believe that the 
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lamination is not due to a layer of flint, because in the working 
of the soft clay there is no opportunity to systematically cause 
layers in the direction shown by the direction of the punctures. 

In Fig. 24 are shown the paths of puncture of another porcelain 
bushing at several points along its length which would tend still 
further to confirm the belief that the cracks were due to air- 
drying rather than to lack of homogeneity of mixture or shrink- 
age in firing. Тһе lines drawn from the grooves to the inside 
surface of the porcelain bushing show that at the ends and at 
. the middle the direction of the puncture is at an angle from 
the radial direction and all in a parallel direction. Punctures 
at other points than at the ends or the middle are radial punc- 
tures. Тһе possible explanation is as follows: This porcelain 
bushing was stood on one end to dry. ` It was therefore restricted 
in its radiation of moisture from the surface at the base and was 
given extra freedom of evaporation at the upper part where 
the central hole was open to a slight movement of the air in 
the neighborhood. About half-way along the bushing the thick- 
ness was increased to be uscd as a support and at this point also 
there would be a difference in drying at different depths. Тһе 
under side of this shoulder would naturally get more evaporation 
than the upper side. Since the thickness was greater a greater 
amount of moisture had to be extracted, requiring a longer 
time for different depths. If these angular weak spots had been 
produced by a variation in the mixture they would have been 
more or less uniform in the bushing from end to end. If the- 
angular weaknesses were due to firing in the kiln there would 
seem to be no reason for thc peculiar distribution at the top 
and bottom, although naturally the thicker part of the bushing 
at the midway point would come in for inequalities of contrac- 
tion. As a matter of observation, two small surface cracks 
were noted on the inside of the bushing at the thickest point 
but these cracks did not show sufficient weakness to divert the 
puncture discharge from its path, which, by the way, ended 
about 1 in. from the surface crack. 


51. FAULTS IN THE SKIRTS OF SUSPENSION INSULATORS 


When the upper side of a skirt of an insulator is covered by 
tinfoil and the insulator inverted in a bath of oil, localized po- 
tentials can be applied by means of a small electrode: resting 
in one of the corrugations or valleys between adjacent petticoats. 
In a number of test samples a very uniform homogeneous porce- 
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lain material was found. This was indicated by punctures 
directly between electrodes from surface to surface of the porce- 
lain. Occasionally, however, conditions of internal mechanical 
strains were revealed by the fact that the puncture took place at 
an angle to a perpendicular line between surfaces and sometimes 
traversed a distance nearly twice as great as the thickness of the 
porcelain., The direction of the puncture was indicated subse- 
quently when the porcelain was broken up with a hammer or 
by squeezing itin a vise. Fig. 25 shows a sketch of two different 
types of punctures that were found. 

In a number of punctures which occurred in the head of pin- 
type insulators a careful examination was made by staining and 
breaking up the porcelain by hammer blows. A characteristic 
puncture streak is shown in Fig. 26. These samples were shown 
to a porcelain manufacturer who immediately set the cause of 


`x 
FiG. 25 Fic. 26 
Directions of puncture іп а skirt of а Direction of puncture inthe head ofa 
porcelain insulator where the discharge pin-type insulator, showing a line of weak- 
takes a path much longer than the short- ness due primarily оу to ап im- 
ебі distance between surfaces. This proper manipulation of a forming tool, 
indicates a weakness in diclectric strength while the porcelain was in a plastic con- 
due to shrinkage strains. dition. All paths of puncture which do 


not take the shortest distance indicate a 
line of weakness in the porcelain. 


the trouble to an improper use of the tool used in forming the - 
thread on the inner surface of the porcelain. With the informa- 
tion already given, one may attribute the fault to insufficient 
plasticity, which may have been due to lack of water, lack of 
enough ball clay, or too large particles of flint. It is easy to con- 
ceive of the more plastic clay being squeezed out from under the 
tool, leaving the material directly under the tool of a different 
consistency from the rest of the body of the porcelain. From 
this difference in body, weaknesses may be caused, either in the 
rate of drying or in the vitrification due to the improper pro- 
portioning of the ingredients in this locality. Іп one case there 
was a perceptible surface crack in the porcelain which was the be- 
ginning of a puncture streak. In this case one may tentatively 
infer that the damage was initially done in drying and might 
have been found by the application of oil to the green porcelain. 
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In general one may conclude that porcelain which does not punc- 
ture through the shortest distance is non-homogeneous. 


52. THE GROWTH OF CORONA ON INSULATORS 


The growth of corona around the electrodes and on different 
parts of the insulators has been successfully used as a basis of 
design. The oscillator with its high frequency is well adapted to 
bring out the characteristics of design by this method. Some 
tests are given in the following table to illustrate the characteris- 
tics as disclosed by the oscillator. The tests were invariably 
made in the dark to be able to note the first visible formation 
of corona. 


ees BÉ ——n — -— — 


Suspension type insulator No. 1 Kv. Per cent of 
spark-over 


Spark-over voltage.......................... 86 100% 


Brush disehatge from рїп5................... 33 38% 
around Ist inner petticoat.. 47 | 55% 

м н AL CRDI a aor RM eub s 47 55% 

i к around 2nd petticoat.......... 74 86% 


It was found impossible to brush discharge over the third petticoat without a spark-over 
on the insulator. 


r 


— —I ra ————MÀ— —— — 


Suspension type insulator No. 2 | Kv. Per cent of spark- 
over 
| EE 

Spark-over 'оїайе......................... 82 | pu. 
Brush discharge at ріп....................... 42 51% 

“ “ over inner pctticoat........... 48 59%, 

" ы; 2nd petticoat................ 59 72% 

“ “ 0.75 in. long around cap....... 59 72% 

“ " over 3rd petticoat............ 12 88; 

ч “ “ 4th t ` ua an aypa 74 кш 90% 


In studying the growth of corona on the pin-type insulators, 
eight different samples were used. In the points of Fig. 27 the 
appearance of the corona in per cent of the spark-over voltage 
is plotted as ordinates and the kilovolts of spark-over voltage as 
abcissas, the points corresponding to the initial formation of 
corona which invariably took place around the pin. A consider- 
able variation in the distribution of potential is evident from the 
wide variation between the limiting curves as shown in Fig. 25. 
The variation is from 30 per cent for che high-voltage insulators, 
to 76 per сеп; for one of the best conditions of the lower-voltage 
insulators. Naturally the higher the spark-over voltage of the 
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insulator the lower the percentage, because the corona depends 
upon: the potential gradient. The potential gradient which 
produces corona on the pin docs not differ very widely for the 
different types of pins and insulators. 


SIGNIFICANCE OF THESE TESTS 


The significance which may be drawn from tests of corona 
are too complex to be considered іп а paragraph. They are 
valuable to the designer but several points of design must be 
taken into account in each particular insulator. From some 
points of view the ideal design of 
an insulator would be one pro- 
ducing no corona until the arc- 
over voltage of the insulator was 
reached. From a practical point 
of view the laboratory test, un- 


& 


CORONA VOLTAGE ІМ PERCENT OF 
SPARK OVER VOLTAGE 


50 
E L RE нЕ less made under the same соп- 
SS ditions as found in the operation 
"Ha 1- NS = of the insulator, does not neces- 
20 LELEL BERRE LLLI, sarily give the best design. For 
ARCOVER VOLTAGE OF INSULATOR КУ example, if an insulator is to be 


Fic. 27 designed for a very dusty coun- 


The first appearance of corona on pin- 
type insulators use the oscillator as а try or where soot and smoke 
r 


source of power. c-over voltage of ) ° 
the insulator versus the percentage of will be deposited on the surface 


arc-over voltage at which the first corona 


appears on the pin. The two curves of the porcelain the conditions 
show the wide range of variation which 
can be found in insulators on the market Call for extra long surfaces for 
at the present time. ‘ 
creepage. If such an insulator 
in a clean condition is tested іп the laboratory for the appear- 
ance of corona, the corona will appear at a comparatively small 
fraction of the arc-over voltage. Yet if this insulator is 
thoroughly coated with a semi-conductor, as would occur in 
practise, it is quite probable that the apparently faulty design 
would be far better than one with shorter skirts which in the 
laboratory test in a clean condition gives a higher percentage of , 
voltage for the appearance of corona. In brief, one must take 
into account the use of the insulator and reproduce the opera- 


ting conditions, as far as possible.. 


93. PERCENTAGE OF FAILURE AS A CRITERION OF REJECTION 
OF INSULATORS 

This would seem to be a very good rule but it may not be 

desirable to apply it blindly. Тһе full significance of the tests 
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is not yet evident. In considering the failure of insulators we 
must take into account the nature of the weakness. Weakness 
from under-firing porcelain may be more scrious than weakness 
from over-firing. Under-fired porcelain is liable to be uni- 
formly weak all the way through. Over-fired porcelain is liable 
to be weak in local spots such as cracks. 

To illustrate this point examples are taken from a number 
of endurance runs that were made on insulators which by ex- 
amination showed thorough vitrification and a tendency to the 
side of over-firing. і 


Type X. Of three insulators, one failed in one min. (33 рег cent) two 
were not punctured in 1 hour of test. 

Type Y. Of eight insulators, three failed in one min. (37 per cent) 
five were not punctured іп 1 hour of test. 

Туре Z. Of three insulators, none failed, in one min. (0 per cent) all 
withstood 1 hour. 

Туре D. Of three insulators, none failed in one min. (0 per cent) all 
withstood 1 hour. 


The experience of the Types X and Y in the above tabulation, 
although limited, would indicate that some caution should be 
taken in the rejection of insulators. It may even be that a high 
percentage of loss may be a good criterion of choice under certain 
conditions of over-firing. А hypothetical case will be given 
for illustration: The temperatures in the different parts of a 
kiln and the time of application of the vitrifying temperature 
must necessarily vary. Тһе intensely hot flames enter at certain 
points and the partially cooled flames leave at other points. 
Both of these places cannot be at exactly the same temperature. 
Even assuming a final neghgible difference of tempcrature, the 
porcelain ncarest the entering flame must be at a vitrifying 
temperature somewhat longer than the porcelain near the flues. 
The cracks in such over-fired porcelain produce diclectric weak- 
ness and the insulators are thercfore casily detected when 
tested, and rejccted. ` 

We may deduce that a considerable percentage of over-fired 
porcelain may indicate that the rest of the kiln-ful is perfectly 
fired. Оп the other hand, a temperature that will just properly 
vitrify the hottest spots in the furnace may leave the larger 
percentage of insulators at a low grade of vitrification. Their 
dielectric strength may be barcly sufficient to pass the usual 
test and therefore from a standpoint of diclectric strength they 
are inferior insulators to the hypothetical lot that was rejected 
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on the basis of 3 per cent failure. It is intended here only to 
point out that more must be known of the intimate history of 
a porcelain insulator to judge its worth on the basis of a per- 
centage rejection. Intrinsic mechanical strains, layers of flint, 
relative conditions and rapidity of drying of a batch of insula- 
tors, rate of firing, etc. must be known to give proper weight to 
the basis of rejection by percentage failure. 


54. WELDING UP THE PUNCTURE HOLES IN PORCELAIN BY 
THE APPLICATION OF HIGH-FREQUENCY WAVE TRAINS 


Under certain conditions of puncture it has been found prac- 
ticable to repeatedly puncture and weld up the puncture holes 
in porcelain. This may not be entirely unknown in tests with 
60 cycles although no such experience has been had by the 
author. There seem to be certain requirements to successfully | 
weld up the holes without failure. The best results were ob- 
tained by Mr. Cermak in the tests of large porcelain cups which 
were made up of several different kinds of clay but all fired at 
the same time. These cups were partially filled with water 
which acted as one electrode and the other electrode was a wire 
wrapped around the outside. The punctures noted never took 
place directly under the wire and thercfore no copper vapor was 
carried directly into the puncture hole. Since the other elec- 
trode was water, no mctallic vapor could be obtained from this 
source. The time of application was varied considerably but 
three seconds on an average would give good results. The 
punctured spots in this porcelain appeared as a small bead of 
clear glass which actually had greater diclectric strength than 
the porcelain elsewhere. as no welded punctures were repunctured 
by a second application of potential. No doubt the content 
of feldspar in the porcelain will have an effect on ease of formation 
` of glass or glaze in the punctured holes. 

In other porcelain in which different ingredients were used and 
which seemed to be less homogeneous, cracks were caused which 
of course could not be welded up by the high frequency arc. It 
is very probable that welding up of punctured holes by 60-cycle 
tests is not common because the punctures are more liable to 
take place directly between the electrodes and therefore become 
filled with metallic vapor which leaves the melted porcelain in 
the path of the arc of weak dielectric strength. The use of the 
high frequency produces widely extended corona and thereby 
picks out flaws or weaknesses which are frequently some distance 
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away from the electrodes and thereby avoids the deposit of 
metallic vapor in the punctured holes. When punctures are 
made under oil there have been no cases of welding up of the 
punctured holes due probably to the carbonization of the oil 
which is always found in the punctured streak. 


55. COMPARATIVE PUNCTURE VOLTAGES OF PORCELAIN ТО 
Grass. PORCELAIN PIECES OF DIFFERENT THICKNESSES WERE 
* USED BUT THE GLASS WAS BUILT UP OF PANES 
PILED ONE ON TOP OF THE OTHER 


The results of these tests are shown in Fig. 28. Curve 1 was 
made taking puncture potential on glass of increasing thicknesses. 


HEE 
| 
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PUNCTURE VOLTAGE K V. 
ë 


[A 2) Glass Plates Vohage Raised 100 K V See 

40 BENED a 22 Glan Porcelain Voltage Raised 100 K V. Ber. 

Up Glass Porcelain Voltage Raised 2 K V. 5 See. 
Testa made with 200,000. Cycle Oncillstor 


0 0 0.40 060 0.80 1.00 120 140 
ТНІСКМЕ55 - ІМСНЕ5 
Fic. 28 


Comparative puncture tests of glass and porcelain. Тһе connections were made as 
shown in Fig. IR. Relations are shown of thickness versus puncture voltage. In Curve 1, 
the thickness of glass was obtained by building up sheets of glass with a thin film of oil 
between. The voltage wus raised at the rate of 100 kv. per second. he small numbers 
placed near the points represent the total number of tests made at the different thicknesses. 

Curve 2, made from porcelain of different thicknesses with the voltage raised at 100 kv. 
per second, the same as in the glass. 

Curve 3 is also from porcelain and differs from Curve 2 only by having a slower rate of 
increase in the voltage. It was increased at the rate of 2 kv. every five seconds or 1/5 kv. 
per second. Curve З will be seen to give the results of an average of many tests on bushings 
with corrugated surfaces. 3 


Each individual thickness of the glass was 1/16 in. and each 
piece of glass was immersed іп oil before it was pressed against 
the adjacent sheet which of course left a thin film of oil between 
the plates of glass. The curve shows an almost direct increase of 
puncture potential with an increase of thickness. 

Curve 2 has only two poinis—one the average of six tests at 
1.2 in. thickness and the other an average of nine tests at 0.62 in. 
thick. Тһе tests which gave the data for curve 2 had a more 
rapid rise in the testing potential than the tests of curve 3. The 
porcelain also differed. Тһе higher puncture potential may be 
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credited to both of these conditions, namely different porcelain 
and more rapid increase of testing potential. 

The points of curve 3 are the average of 182 tests total and 
therefore may be considered a fair average of the porcelain which 
we had at hand. An important result shown by this curve is 
that increase in thickness of porcclain from 0.4 in. to three times 
as much or 1.2 in. gives an increase in puncture potential from 
only 74 kv. to 91 kv. which is 18 per cent. Three hundred per 
cent increase in thickness gives 13 pcr cent increase in puncture 
potential. Although this general condition of increasing the 
thickness without increasing the puncture potential is known, 
. the small percentage of gain from an increase in thickness may 
be new to many. 
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Puncture voltage of porcelain. Thickness versus puncture voltage. Curves to illustrate 
the effects of irregular surfaces of the porcelains and shape of electrode as they influence 
the puncture voltage. The upper curve is a reproduction of 60-cycle tests on flat disks. 
The lower curves are the same as given in the previous figure. 


56. COMMENTS ON THE CHOICE OF THE FORM OF THE TEST 
PIECES OF PORCELAIN 


It has been the custom of previous investigators on porcelain 
to have made up in the porcelain factory plain disks of varying 
thickness on which the puncture potential tests were made. 
These plain disks of porcelain involve the easiest conditions of 
manufacture, both the drying and the firing being possible with 
a minimum resultant strain from shrinkage in the body of the 
porcelain. Consequently the puncture potential shown by these 
investigators is necessarily very much higher than shown in either 
curves 2 or 3 of Fig. 28. Such a curve taken at 60 cycles im- 
pressed is shown in Fig. 29, taken from results published by W. 
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F. Fellenberg, together with our average curve of Fig. 28. Any 
careful designer would take a factor of safety on the values ob- 
tained from the tests of such disks which would bring the working 
values even less than curve 3. The form of the porcelain part 
is a very important factor in the resultant dielectric strength and 
therefore it seems permissible to make tests on the actual porce- 
lain -parts irregular as they may be. Іп order to decrease the 
cost of such tests, comparatively small electrodes were used, a 
copper strip 0.12 in. thick and 2 in. wide rounded at the surfaces 
that come in contact with the porcelain, and these electrodes 
were moved from point to point on the porcelain part tested. 
By getting a great number of tests a much better average value 
could be obtained than from a dependence on a single test. 
Knowing that-the small electrodes would cause a high potential 
gradient at the surface of the porcelain this practise may well be 
brought into question. I believe it is justified, however, by the 
fact that in testing cither a bushing or an insulator in air corona 
sparks creep out over the surface and the dimensions of such a 
spark are comparable to that of the electrodes we employed. 
Therefore, the potential gradient at the surface of such a spark 
might be at least as great as that produced by the strip clectrode 
that we used. "The corona 1s evenly spread over the surface of 
an insulator near the caps and pins and therefore there would not 
be the sharp outline of a spark. "There 15, howcver, at the end 
of the pin and at the edge of the cap of a suspension type insulator 
the same concentration of potential gradients. Оп the whole 
we conclude that the use of the narrow electrode for testing under 
oil up to 90 kv. :s justifiable in the condition in which it is used 
and gives reliable results. For higher voltages the time of appli- 
cation of voltage must be made very short to limit local damage 
Бу potential gradient. Some illustrative tests of this point аге 
given later. 


57. THE RELATION OF PUNCTURE VOLTAGE TO ‘THICKNESS 
OF PORCELAIN FOR DIFFERENT MIXES AND FIRINGS 


There are three curves given in Fig. 30 showing the puncture 
potential of three different mixes of porcelain. The upper curve 
and the lower curve of the three are the puncture poten- 
tials taken on suspension type insulators and the middle curve 
on corrugated bushings. Therefore there exists a difference 
in form as well as a difference in material. Тһе results show that 
there is no very wide variation between the different mixes of 
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clay although the color varied from a pure or bluish white to a 
light yellow. The porcelain which gives the lowest puncture volt- 
age in the curves of Fig. 30 had previously given in other samples 
tested through the head even better dielectric strength than the 
samples which gave the data for the uppercurve. The weakness 
may be attributed to the shrinkage strains coming from the pres- 
ence of the petticoats on the skirt where the voltage was applied. 
So far as the study has been carried it would seem that the differ- 
ent manufacturers of porcelain have their ups-and-downs of 
luck and while one mix will be found high in dielectric strength 
at one time due to having the several factors of porcelain manu- 
facture.combined under favorable conditions, they will have other 
periods when poor combinations will take place and the porce- 
lain will run a little lower in dielectric strength. It would seem 
that “eternal vigilance ” is the price of obtaining a uniformly 


v dsl 
AWETE 
A, 


=a 


PUNCTURE VOLTAGE - КМ. 
% 


Fic. 30 
A comparison of the average puncture potentials of a number of different mixes of porce- 
lain. All tests were made on irregular surfaces. The numbers at the points represent 
the total number of tests made for each thickness. 


good product. In making designs of porcelain it is essential 
to use the puncture potential corresponding to the minimum 
average that a porcelain factory can produce. 


58. THE TECHNIQUE OF DEVELOPMENT OF FAULTS AND PUNC- 
TURES IN PORCELAIN AND METHODS OF EXAMINATION 


When porcelain punctures, the current may cause a single 
streak or it may cause a crack and, if so, the discharge usually 
flattens out in the crack, dividing into several paths. If the 
puncture occurs under oil the current will usually carry oil with 
it, which is carbonized in the heat of vapor of the electrodes, and 
, both together produce a black streak which is easily seen after 
the porcelain is broken into pieces. The marking depends some- 
what on the duration the discharge is allowed to play through the 
puncture. . 
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After the porcelain is broken up the hammer blows or pressure 
-which is used to break it up will produce cleavage surfaces and 
cracks which did not exist in the porcelain before it was smashed. 
It is important to determine what cracks existed before the 
electrical test was made, what cracks were produced by the clec- 
trical test, and their extent, and what closed laminations existed 
in the porcelain. These three faults should be differentiated 
from the cracks resulting from the mechanical destruction of the 
porcelain piece. Otherwise stated: after a piece of porcelain 
is smashed to pieces it is in general impossible without a pre- 
liminary stain to detect the cause of the different cracks which 
appear. . 

The following technique has becn used to advantage in the 
examination of the porcelains and in most cases has indicated 
the nature of the fault. Іп many cases the cause of the fault 
has been traced to a particular condition of manufacture which 
needs to be improved. In beginning the tests of a picce of porce- 
lain, then the first step is to determine the presence of accidental 
flaws so far as possible. Soaking in eosin stain or aniline violet 
dissolved in alcohol, under vacuum, allows the penetration of 
the stain into the open air-pockets and laminations. A dark 
stain may be used for this purpose. The stain is then washed 
off the surface of the insulator. Frequently the cracks will be 
shown up by the streaks where the stain has soaked into them 
and will not wash off. The insulator is then dried and punctured 
under oil. It is removed from the oil and the oil is washed out 
with gasoline or some other solvent of oil. The insulator is 
then thoroughly dricd at a temperature above 100 deg. It 
is then immersed in red aniline stain (alcohol solution) and placed 
under a vacuum. The red stain will penetrate most of the holes 
and cracks that are opened up by the punctures. In removing the 
insulator from the stain it is wiped off, and washed off and dried, 
to prevent discoloration later in handling the broken ріссев. 
The porcelain is then broken up. The original cracks are shown 
by the dark stain with alayer of red stain on top and the developed : 
cracks are shown by the red stain alone. In some cases it is 
found difficult or impossible to remove the oil from a crack and 
this oil will be found on the surface of the crack as an indicator 
that the crack.was produced by the discharge. Any surface 
of a broken piece which shows neither stain nor oil, it is natural 
to infer, is produced by the mechanical strains of the hammer or 
vise. The alcohol solutions are far more penetrating than 
solutions in water, such as ink. 
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59. Ст.оѕер PorES AND BUBBLES, Known as “ BLEBsS ” 


In the glazes on electrical porcelain, so far examined under a 
microscope, all have contained bubbles which have the same ap- 
pearance as the familiar bubbles in common glass. A magnify- 
ing glass is sufficient to bring these to view but a magnifying 
power of 50 is desirable for careful examination. A magnifying 
power of 250 diameters usually obscures them because the focus 
is of such short range that only a part of a bubble can be seen 
with one setting of the lenses. They are more easily seen and 
studied in colored glazes than in the clear glaze. The size of the 
bubble and the number of them differ in the glazes from different 
manufacturers,—in fact they differ in number on the same piece 
of porcelain. On ridges the glaze is hable to run thin; in the 
vallevs of corrugations it is much thicker and as many as three 
bubbles can be found at the same position of the microscope at dif- 
ferent depths in the glass. These bubbles are apparently formed 
by a boiling of the glaze at the temperature of 1310 deg. cent. 

No significance has been attributed to them so far, but our 
very recent experiments on the beginning of failure, as given 
later under tests with potential gradient, indicate that under 
certain conditions these bubbles may play a not unimportant 
part in the failure of the porcelain back of them. 

The bubbles being formed at high temperature, the gas they 
,contain must be at a partial vacuum and therefore easy to 
ionize by the application of voltage. 

When these blebs appear in the body of the porcelain it is 
natural to infer that either too much feldspar or other flux has 
been used, or the temperature of the kiln was carried too high 
for the ingredients of the porcelain. It 15 rare indeed that 
visible “ blebs” are found in electrical porcelain outside the 
factory. Perhaps this is because such pieces will be so soft at 
the high temperature that they will warp out of shape, and 
consquently they will be scrapped during the first visual inspec- 
tion as they are taken from the kiln. 

An unusual form of bleb has been found in one kind of porce- 
lain for which no definite explanation has yet been found. 
The bubbles are of varying size, all visible with the naked eyes, 
and some of them аге as large as one millimeter іп diameter. 
These pockets or bubbles at the surface of a broken piece of - 
porcelain were filled with eosin stain dissolved in alcohol and 
after thoroughly drving the stain the edge surface of the porce- 
lain was ground off, thus decreasing the depth of bubble. It 
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was found that the stain has soaked into the walls of the bubble 
to a depth greater than the diameter of the bubble. Неге is 
an odd bleb surrounded by open pores. The porcelain was made 
in an experimental way and the bleb might have been due to a 
free flux as distinguished from a flux like feldspar in which the 
potash is bound up chemically until a high temperature is reached 
in the kiln. 

Ceramists state that even the best porcelain contains minute 
cavities or pores of microscopic dimensions. This structure 
may be called the natural one for porcelain and the term “ Мер” 
does not apply to it. It is probable that the granular or flaky 
structure of the porcelain is the characteristic that makes it 
less brittle than glass. 


60. Tue Hot AND Corp TEST 


Strains and laminations will usually be developed by a hot 
and cold test on the porcelain. "This test has been used by à 
number of investigators and consists of transferring the porce- 
lain periodically from boiling water to cold water. After а 
few transferences of this kind the insulator can then be soaked 
in stain under a vacuum to mark the cracked surfaces. А 
partial crack developed in this way will be completely developed 
by a high-potential high-frequency test. A complete crack 
from suface to surface of the porcelain will be indicated by a 
megger test. By using the megger test first it is possible to 
distinguish between partial cracks and complete cracks. 

Regarding the question of the fairness of the hot and cold 
tests, we must again look to the conditions which occur in prac- 
tise. It sometimes happens in certain climates that a hail 
storm will occur on a very hot day. Тһе insulator and pin are 
at or above atmospheric temperature and a shower of hail or 
equivalent ice-cold water falls on the top of the insulator. This 
cools the upper exposed surface, leaving the lower ones warm. 
In the winter-time it occasionally happens that the tempera- 
ture will change from a low value into a warm rain. This gives 
the insulator the other extreme of change of temperature. 

It would seem from these two conditions that a hot and cold 
test carried over a range somewhat greater than that which may 
occur in practise is a justifiable test. It should be noted that 
the hot and cold test may develop mechanical strains in the 
porcelain which are present but normally are not faults. It is 
conceivable that a hot and cold test may produce strains and 
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faults which did not exist before the temperature changes took 
place, due to a lack of elasticity in the porcelain and cement. 
Unless there is air in the porcelain it has not yet been deter- 
mined whether such latent faults would always be developed 
with certainty by the electrical test, although the tests given 
would indicate that they would be. Theoretically the elec- 
trical test should strain the porcelain mechanically and might 
develop the faults. It should be recalled that we have shown 
by Fig. 23 that the electrical test when carried -to the limit de- 
velops a puncture along those lines where shrinkage strains 
were greatest. Everything else being equal, we may tenta- 
tively infer from these tests that the shrinkage strains decreased 
the dielectric strength about 30 per cent. 


61. Hot AND Corp Tests APPLIED TO SUSPENSION ТҮРЕ 
Disks 


Insulators from three different manufacturers, foreign and 
domestic, were used. Тһе insulators were carefully tested to 
arc-over value and showed no puncture. Тһе first set of hot 
and cold tests consisted in placing the insulators first in water 
at 66 deg. cent. and then in water at 9 deg. cent. for periods of 
10 minutes cach. Four insulators total were tested and none 
of them was cracked by this test. 

In the next test the insulators were plunged into hot water 
at 100 deg. cent. for five minutes, then taken out and allowed 
to cool. In a subsequent test the voltage was not carried up 
to arc-over value but sufficiently high to give heavy corona dis- 
charge with potential from the oscillator. One of the four in- 
sulators punctured. We will designate these four insulators 
by A, B, C, and D. 

Insulator D, the punctured one, was replaced by insulator 
D-1. The four insulators were again immersed in boiling water 
for 10 minutes, then plunged into cold water at 9 deg. cent. for 
10 minutes. Insulator D-1 punctured under subsequent tests. 
Three more insulators were now added, which will be designated 
by B-1, C-1,and D-2. These insulators were then alternately im- 
mersed three times in boiling and three times in cold water at 9deg. 
cent., each for 10 minutes. It was found that D-2 was punctured 
but all the others were normal. Insulators D-3 and D-4 were 
now added and all of them were again placed in boiling water 
for three minutes and in cold water immediately afterwards, 
and then tested. In this case no punctures were produced. 
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It should be noted that the insulators designated by C and 
D were made by one manufacturer and the difference in their 
ability to withstand the temperature changes was due to the 
form and vitrification of the porcelain and certainly not to the 
ingredients. 


62. ADDITIONAL TESTS TO DETERMINE THE QUALITY OF 
PORCELAIN : 


Space does not permit of a description of other tests which 
have been made to determine the quality of porcelain, since it 
is desired here to show particularly the application of the oscilla- 
tor and the new results which may be obtained with it. These 
other tests, however, are of varying importance and may pos- 
sibly be given later. For example, the mechanical impact test 
with a varying weight is important in determining the fragility 
of the porcelain. Of the other tests along this line are the ring 
of porcelain when struck, tensile strength, compressive strength, 
abrasive resistance, tests for toughness or brittleness, x-ray tests, 
microscopic investigation with etching, dielectric constant as a 
basis of comparison, absorption tests, апа so forth. 


63. Tests witH Continuous HIGH FREQUENCY FROM АМ 
ALEXANDERSON ALTERNATOR 


It seems desirable to distinguish at this time between the 
results obtained by high-frequency wave trains such as аге 
generated by the oscillator and continuous high frequency as 
generated by an alternator giving 100,000 to 200,000 cycles 
continuously. In practise there is no known strain on insula- 
tors corresponding to a continuous high frequency.  Thercfore 
there is no reason for using the high-frequency alternator in a 
standard test, much less so in fact than using 60 cycles as a 
standard test for insulators. However, the high-frequency 
alternator can be used in special tests to determine dielectric’ 
losses. 

64. TESTING WITH WIRELESS OUTFITS 


The usual apparatus used in sending wireless messages pro- 
duces a series of wave trains of somewhat the same form as the 
oscillator already described. It 15 usual, however, to use а 
frequency of several hundred cycles per second in place of the 
60 cycles per second. This gives a little more heating than an 
equal voltage furnished from the oscillator. There is a con- 
siderable difference in the practical handling of the two methods. 
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65. COMPARISON OF SMOOTH AND CORRUGATED SURFACED 
BUSHINGS 


It is well known among designers that corrugation and petti- 
coats on the surface of bushings increase the spark voltage. 
The following study was made to determine the laws of varia- 
tion of spark voltage with increase of length of bushing, both 
smooth and corrugated. 

Four test samples were used. Хо. 1 corresponding to curve 
1, Fig. 31, was a porcelain bushing one inch thick, having a 
depth of corrugation of } in. The thickness of porcelain in all 
of this data is alwavs measured at the minimum point, that 1s 
to say, at the deepest part of the corrugation. 
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The relation of length and thickness to the arc-over voltage in air of porcelain bushings 
and also a comparison of smooth and corrugated surfaces. Tests made with the oscillator. 
The relation is given between straight arcing length in inches versus the kilovolts arc-over 
voltage. 


Test piece No. 2, corresponding to curve No. 2, was š in. 


thick with 1 in. corrugations. 

Test piece No. 3, corresponding to curve 3, had a thickness 
of one inch and a smooth surface. 

Test piece No. 4, corresponding to curve 4, had a thickness of 
1/2 in., and а smooth surface. These curves show the rclation 
between the arc-over voltage and the arc length measured 
straight from electrode to the end of the test piece, but not taking 
into account the increased length due to corrugation and thick- 
ness at the end. The tests were made by placing a metal rod 
inside the porcelain bushing and placing a metal ring around the 
porcelain at different distances from the end to give different 
spark lengths in air along the surface of the porcelain. 
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To compare the corrugated to the smooth porcelain, curves 1 


and 3 may be used, both having one in. thickness of porcelain, 


or curve 2 may be compared to curve 4, both pieces having 1/2 
in. thickness. The effect of thickness can be obtained by com- 
paring curve 1 and curve 2, both of which are corrugated but of 
different thickness; or by comparing curve 3 and 4, both of which 
are smooth but of different thickness. As an example 16 is seen 
that for an arcing length of 3 1/2 in. and a thickness of one in., 
the arc-over voltage for a smooth surface bushing is 52 kv. 
Corrugating this surface with ridges 1/4 in. high raises the spark 
potential to 77 kv. From these data the relative effect of the 
corrugations can be seen. This relative value of corrugating is 
brought out by making comparisons of the spark-over voltages 
for different arc lengths at any desired point. 


66. STUDY oF Акс-Оукв VOLTAGE OF BUSHING, USING SUPER- 
SPARK POTENTIAL FROM THE OSCILLATOR 


All the studies so far carried out have been on the basis of pro- 
ducing a design of porcelain of sufficient dielectric strength to 
withstand the voltages necessary to cause an arc-over when the 
applied voltage is gradually raised. This is the condition in the 
standard practise of testing as carried out today. 

We are now to look forward to a more ideal design of insulators 
in which the requirements are going to be very much more severe. 
In practise, insulators are subjected to momentary lightning 
surges in which the potential may be very much above the value 
necessary to produce a spark. This high potential is very 
quickly relieved by the movement of the lightning surge along the 
circuit. If the relief is sufficiently rapid the super-spark poten- 
tial may be applied to the insulator without causing an arc-over 
simply because the arc has not had time to form. Іп line insula- 
tors it is absolutely essential that this super-spark potential shall 
not cause a puncture from electrode to electrode through the 
porcelain. The brief time required to puncture the porcelain must 
be greater than the time necessary to form the creepage spark 
around the skirts of the insulator through the air; otherwise a 
puncture will be produced. 

In the case of porcelain bushings, the problem is өлен 
different from the design of a line insulator. This difference 
comes from the fact that the porcelain bushing is used on a 
definite piece of electrical apparatus such as a transformer, motor, 
potential regulator, meter, etc. and there is need of a lightning 


1915] CREIGHTON: INSULATOR TESTING 829 


arrester at this point. If it is possible and reasonable to do so, a 
porcelain bushing should also be designed with the criterion 
that it should always arc over before it punctures. We shall see 
later that this may lead to great difficulties and it may be deemed 
advisable by the designer to use a different basis. Since the 
bushing 15 protected by a lightning arrester in the neighborhood it 
should be possible to find a factor of safety against puncture of 
the porcelain which is sufficiently high to be above the maximum 
potential that can exist across the bushing as limited by the 
lightning arrester. At the present time this factor of safety is 
unknown due principally to the lack of information regarding 
the voltages which may come from local oscillations, such as 
would create momentarily a higher voltage at the bushing than 
exist at the terminal of che lightning arrester. It is impossible 
to place all the lightning arresters quite near all the bushings 
which they are to protect. However, it is a tenable hypothesis 
that a factor of safety can be chosen which will put the spark 
potential of the porcelain bushing above the maximum potential 
that can exist across the lightning arrester for any intensity of 
discharge, with the exception of a direct stroke. If this standard 
of design is adopted a bushing may be used which cannot be 
tested to the voltage which would cause an arc-over. In other 
words, in a long bushing with much exposed surface to mitigate 
bad effects of dust collection, the requirements of test shall be 
changed to suit these new conditions. The test should then carry | 
the test voltage up to a value corresponding to the factor of safety 
chosen, say three orfour. Nevertheless, the same standard made 
for the insulator is desirable for the bushing if it can be attained 
practically. To summarize then, line insulators which have no 
lightning arrester protection must of necessity be designed so as 
to withstand a super-spark potential without puncturing, being 
always protected by an arc over the surface of the porcelain. 

The plan is now to make an experimental investigation of 
what conditions must exist in porcelain bushings in order that 
the super-spark potential shall cause an arc-over rather than a 
puncture. 

The first test is made on a smooth surface bushing š in. thick 
and a length along the surface of 1.9 in. The generated poten- 
tial of the oscillator was gradually raised in successive steps 
from the arc-over voltage (27 kv.) to its maximum value of 
170 kv. corresponding to 10 kv. on the control gap shown as 
abscissas in Fig. 32. As the momentary impressed potential 
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is increased from 27 kv. to double that amount the gap 
in parallel with the bushing shows an increase in potential from 
27 kv. to 32 kv. This increase of 19 per cent in the equivalent 
spark voltage at the terminal of the bushing for 100 per cent 
increase in the applied super-spark-voltage represents a loga- 
rithmic time curve of discharge, the time decreasing rapidly with 
the increase in voltage. When the super-spark potential has 
been increased 24 times the arc-over potential, the equivalent 
gap in parallel with the bushing shows a maximum rise of volt- 
age to 50 kv. which is slightly less than twice the arc-over volt- 
age. 

From the point of 24 times the arc-over voltage, to the super- 
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The relation of arc-over voltage on a smooth porcelain bushing 0.38 in. thick when volt- 
ages above the spark voltage, that is, super- -spark voltage, is applied. Tests made with 
the oscillator. Relation is shown of control gap setting versus arc-over voltage as measured 
by a gap in parallel with porcelain bushing. Control gap setting corresponding to the 
maximum eH ein generated іп the coreless transformer. This maximum voltage gen- 
erated is considerably above the values measured by the gap when the voltage is above 
minimum value that will cause an arc-over. Two different sets of curves are shown. 
Each curve has two branches. The upper branch represents the maximum gap which 
causes all the discharge to take place across the bushing in parallel. Тһе lower branch 
shows the maximum gap setting which will just take away all discharges from the bush- 
ing in parallel. 


spark potential of 40 times the arc-over voltage, the equivalent 
gap in parallel with the bushing increases only 2 kv. morc. In 
other words, the maximum possible potential that may be im- 
pressed on this bushing is of the order of double the arc-over 
potential. We might look forward at this time to our method 
of design. If we were choosing the thickness of this bushing 
for a design that would withstand super-spark potential with- 
out puncture we would turn to a puncture curve of porcelain 
under oil and choose from this curve a thickness and grade of 
porcelain which would not puncture on 50 kv. applied. This 
bushing would then arc over for super-spark potentials of 175 
kv. at 300,000 cycles and should be proof against puncture. 
In this same set of tests another factor was studied, namely 
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the factor usually determined in the design of lightning arresters. 
What gap must be placed in parallel with the bushing such that 
the discharge will always take place over the parallel gap rather 
than over the.bushing? In terms of lightning arrester design, 
what equivalent gap must a lightning arrester have so that it 
will always take the discharge of high potentials away from a 
bushing and thereby give it protection from arc-over? Іп Fig. 
32 the lower branch of the curve shows a practically constant 
voltage setting of 28 kv. on the gap to take the discharge 
even when the super-spark potential was as great as 175 kv. 

In the next step the length of the same smooth surface bush- 
ing was increased from 1.9 in. to 3.9 in. The same system of 
tests was applied and is shown (Fig. 32) in the corresponding 
pair of curves with cross hatching between them. There is 
one feature of special note shown by this curve which is different 
from the previous one. Тһе lower part of the curve, that 16 
the parallel gap which will protect the bushing from arcing over, 
is considerably less than the arc-over voltage of the bushing. 
For example, the arc-over voltage is 38 kv. With a super- 
spark potential of twice the arc-over potential the gap must 
be reduced from 38 kv. to 34 kv. in order to take the spark away 
from the bushing. Again this curve shows a change of direc- 
tion at a point on the control gap marked 6 kv., corresponding 
to about 100 kv. momentarily impressed on the gap. We must 
not conclude that the curves representing the equivalent gap 
in voltage are actual voltage. It is impossible in the present 
state of knowledge to accurately state what the impressed volt- 
age is from the setting of the spark gap. The dielectric spark 
lag enters therein, and is affected by various conditions. We 
must take into account also that the impressed frequency in 
this case is about 300,000 cycles and that the equivalent gap 
would change somewhat by a change in the frequency, this 
being due to a relation between the wave front and the dielec- 
tric spark lag of the gap. 


67. FURTHER TESTS WITH SUPER-SPARK POTENTIAL 


In Fig. 33 are shown two sets of curves taken on bushings 
with corrugated surface. The sparking length of bushing in 
the lower curve was 1.75 in. and in the upper curve 3.9 in. 

As before, the abscissas are proportional to the applied super- 
spark potential and the ordinates represent the potential as 
measured by the sphere gap. There are two curves for each 
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setting of the super-spark potential, one minimum equivalent 
gap which takes all the discharge and one maximum equiv- 
alent gap in which all the discharge is transferred to the bush- 
ing which is connected in parallel with the gap. 

These curves show the same general outlines as the previous 
tests on smooth-surface bushings. Тһе corrugated bushings, 
however, show a very much higher test of voltage which is due 
to the greater difficulty 1n forming a creepage spark over the 
hills and valleys of the corrugations. Тһе spark will run over 
the outside surface, parallel to the conductor in the center of 
the bushing, fairly easily, but when it has to climb one of the 
ridges of the corrugation at a considerable angle to the central 
conductor it requires a very much higher voltage to produce 
the creepage spark. Once over the ridge the spark can again 
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These relations are entirely similar in every respect to the curves given in Fig. 32 except 
that the thickness of the bushing was one in. and the surface was corrugated with ridges 
0.25 in. high. (In the lower branch of the upper curve, at 6 kv. setting on the control 
gap, is an error. It should be 82 kv.) 


dart down into the valley of the corrugation with ease but is 
again retarded as it climbs the next ridge of the corrugation. 
This condition has been illustrated elsewhere and it does not 
seem necessary to reproduce the illustrations at the present time. 


FORMULAS FOR THE LAWS OF VARIATION OF SUPER-SPARK 
POTENTIAL VERSUS ARCING LENGTH ON CORRUGATED BUSHINGS 


Many tests were made on different forms of insulators and it 
was found that the law of creepage spark was usually of the na- 
ture of an exponential curve within the range of lengths and 
thicknesses studied. The different formulas need checking in 
extrapolated points and for this reason they are not published 
at the present time. The points given for the curves of super- 
spark potential fall approximately on a straight line when plotted 


\ 
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on logarithmic paper. Тһе curves are represented by the fol- 
lowing formula: 

V = 501262 L1 (porcelain corrugated) 

V = Maximum measured super-spark voltage in kv. 

t = Minimum thickness in inches 

L = Distance from outer terminal to end of bushing in inches. 


68, TESTING OF STRINGS OF INSULATORS WITH THE 300-KV. 
OSCILLATOR 


When the problem of testing disk insulators in strings is under- 
taken the oscillator shows some marked advantages over the 
60-cycle method. The oscillator has dimensions and cost which 
are only a small fraction of a 60-cycle outfit. In designing 
60-cycle transformers there is nothing gained by using extremely 
small wire and therefore the dimensions of the transfomer for a 
voltage of 500 kv. to 750 kv. are necessarily comparatively large. 

The several insulator disks in series in the suspension type in- 
sulator have separated electrodes which give what may be called 
the multi-gap effect, each iron electrode on the insulators hav- 
ing a capacitance to ground as well as to the adjacent one. This 
theory was first explained by Dr. Steinmetz in 1906 in relation 
to the multi-gap arrester. He showed that the concentration of 
voltage at the end gaps of the lightning arresters was due to the 
capacitance of each metal cylinder to ground. It is now com- 
mon knowledge that the same condition exists in a string of sus- 
pension insulators and the voltage is unevenly distributed 
throughout the string, as has been shown by several investigators. 
The disk next to the line takes the largest percentage of voltage. 

After noting this theory, it is somewhat confusing to find that 
in testing a string of insulators it is not the end disks which are 
most liable to puncture. Some tests were made which show that 
the insulator farthest from the end is the one most frequently 
punctured by the high frequency wave trains from the oscillator. 
Five insulators were placed in series and connected to the oscil- 
lators having no ground at either end. This places the third 
insulator at zero or earth potential. Out of 21 insulators punc- 
tured 13 of these were in the location of the third disk, four were 
in the location of the second disk, and two in the corresponding 
symmetrical location of the fourth disk. There was only one 
insulator at each end of the string that was punctured in all the 
tests Making comparisons between these different conditions, 
the middle disk of a string of five punctured 13 times as many 
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times as the end insulators. It also punctured 3 to 6 times as 
many times as the adjacent disks on each side of it. 

The explanation of this phenomenon secms to be that of differ- 
ence in super-spark potential on the disks in the different locations. 
As a tentative explanation the following is given: When the high 
voltage high frequency is applied to this string of insulators 
the distribution of potential gives the greatest potential at the 
end disk and the least at the middle disk. However, the total 
voltage applied to the end disks 1s not extremely high because of 
the partial distribution along the string. Тһе applied voltage 
is somewhat higher than the value necessary to cause a spark. 
The end disk sparks over and there is thrown suddenly on the three 
remaining disks a super-spark potential of considerable value due 
to the short-circuiting of the end disk by the spark. The dura- 
tion of time considered is of the order probably of a few millionths 
of a second. The total voltage applied in these tests, approxi- 
mately 350 kv., is now divided somewhat unequally between 
the three disks. Ifthe second and fourth disks are not punctured 
by this excess voltage they will spark over and the middle disk 
for a moment will receive a voltage of nearly the full value of 
350 kv. Asa result the middle disk is very liable to be injured. 

The effect obtained by the concentration of voltage on the end 
disks and their successive climination by sparking around the 
skirts of the disks 1s very much like using one insulator on this 
oscillator and suddenly discharging against it an impulse of 350 
kv. Тһе actual spark potential of the disk 1s about 85 kv. which 
leaves а super-spark potential of 265 kv. This effect is exactly 
like the one obtained from a lightning stroke on the line. J think 
it very probable that operators of transmission lines can confirm 
the statement that hghtning does damage disks from time to 
time that are nearer the ground terminal than the line terminal 
of the string of disks. 

It is important to add further information in regard to the 
duration of the tests. In each case the 60-cycle potential was 
applied to the oscillator for a period of five seconds. The test 
was then discontinued for five seconds, giving the insulators a 
rest, and then те-аррһеа. In order to puncture the middle 
insulator the number of applications of five seconds duration 
are given as follows: 8, 7, 21, 9, 1, 18, 4, 50, 18, 16, 10, 8, 1. ` 

The number of applications of five seconds each to puncture 
the six adjacent disks, namely the second and fourth in the 
string were as follows: 30, 1, 39, 16, 8, 3. For the end disks, 
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namely the first and the fifth, there were 9 and 11 applications 
of five seconds duration. Each second represents 120 wave 
trains applied to the insulator so that cach application, as given 
in the above list, means 600 wave trains discharged against 
the string. EE 

In the data given above there is no statement made of the 
number of times that the impulses were applied without causing 
damage. Тһе method of test was to continue to apply the 
voltage to the string of insulators for five-second periods until 
at least 50 applications could be made without damage to the 
string of insulators. Then a new string was installed and as 
fast as the disks were punctured they were replaced until the 
string showed its ability to withstand the tests. In the first 
string there were 50 applications of five seconds duration finally 
applied without causing damage. In the second string 120 appli- 
cations were finally made without causing punctures. Inthe third 
string there were also 120 applications without causing puncture. 
In the fourth string of insulators there were 50 applications 
without causing puncture. These tests tend to show that the 
insulators are designed so that they can withstand this test. 
It is an extremely severe test and under present conditions of 
knowledge and manufacture it would seem to be unfair by being 
unduly severe. The tests are given not as recommendations 
but as information on the subject. 

In regard to the location of the punctures; 50 per cent took 
place in the head of the disk and 50 per cent at an average dis- 
tance of one in. out on the porcelain skirt. Another series of 
tests was made in which the duration was only š second with 
two-second intervals of rest. It was found that a shorter dura- 
tion was of very much less severity to the porcelain than the 
longer duration. Damage is therefore being done te the porce- 
lain in a manner which will be illustrated later under potential 
gradient tests. While the arc-over potential of these disks was 
in the neighborhood of 85 kv. the puncture potential under oil 
was 128 kv. and 150 kv. which gives a factor of 150 per cent 
and 176 percent. The study of the necessary dielectric strength 
to puncture, similar to the one already given for bushings could 
be made with an oscillator and thereby determine what factor 
15 necessary in order that the suspension disks shall always 
spark around the skirts rather than puncture. No previous 
tests were made under oil on any of the disks that punctured 
to determine if their factor of safety was as high as the two given 
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above. It is desired at the moment simply to point out that it 
is a comparatively easy investigation to make with the oscillator 
although precaution must be taken to limit the duration of the 
test to the value that will not cause local damage to the porce- 
lain by corona in accordance with the values determined from 
the potential gradient tests, examples of which are given later. 


69. PoTENTIAL GRADIENT TESTS WITH THE OSCILLATOR NOT 
CARRIED TO PUNCTURE OF THE PORCELAIN PIECE 


Test piece was a porcelain bushing, 13 14/16 in. long with a 
minimum diameter of 3 10/16 in. outside and 1 6/16 in. inside - 
approximately. The thickness of the porcelain was 0.94 in. 
From bottom to top, as it stood in drying and in firing, there 
are eleven grooves on the lower half and nine grooves on the 
upper half. The tests were started on the top groove, No. 20. 
Inside the porcelain tube an iron pipe was placed and on the 
outside was placed our standard electrode which is 0.12 in. 
thick and 2 in.. wide rounded at the edges. The porcelain was 
immersed under transil oil to a depth of 2 in. The duration of 
application of voltage in every test was five seconds. On the 
20th or top groove the first potential applied was 60 kv. and in 
each succeeding groove, there were 10 kv. added. When 120 
kv. was reached and applied for five seconds the porcelain 
punctured. Тһе detailed results of these tests follows. 


TESTS WITH VARIABLE VOLTAGE BUT 5 SECONDS CONSTANT DURATION 


Groove. Kv. ap- Comments 
No. plied. 
20 60 No visible damage to the surface. 
19 70 44 44 46 “G “ “ 
18 80 “ “ “ “ “ “ 


17 90 А very definite black streak was produced on the ridge. 
16 100 Only a very slight marking on the surface. 
15 110 Moreevident damage to the surface. 
14 120 Тһе porcelain was punctured and a piece 1 in. wide was chipped off. 
12 60 No visible damage done to the surface. 
11 70 44 44 “ “ ét “ “ 
10 80 Small piece of glaze chipped out on the side of the ridge and a black deposit 
atthe bottom. Lengthtwo mm. 
9 90 Very visible damage done, chipping out the glaze for about 2 millimeters 
and producing fivedefiniteblackspots. There was one puncture hole through 
a bubble in the glaze and the puncture ran in various directions to the 
other five spots, all of which are bubbles in the glaze. 
8 100 Although the voltage was higher there are only two very small spots where 
the corona broke through the glaze. 
7 110 Again a very appreciable piece four mm. long chipped out of the glaze. 
6 120 Punctured, leaving a small black spot, showing a superficial crack about 
25 mm. long running across to the next groove. 
4 80 Novisible damage done to the surface. 
3 90 Punctured. А chip about three mm. wide and five mm. long was thrown 
out of the surface. А crack 10 mm. long was caused by this puncture. 
1 100 Novisible damage done to the surface. 
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Further Comments. A microscopic examination was made 
from 25 diameters to 250 diameters. The damage to the sur- 
faces 1s done by the combination of potential gradient and 
heat of the corona. It seems evident from these tests that 
there is a considerable difference in the dielectric strength of 
the porcelain in different spots as evidenced by the fact that 
some, say .at 100 kv., did not scar the surface where tests at 
90 kv. did. This naturally leads us to the possibility of ex- 
amining the homogeneity of porcelain by means of potential 
gradient as distinguished from the ordinary potential tests. 
Such a study will be described later. 


70. POTENTIAL GRADIENT TESTS ON PORCELAIN WITH THE 
ELECTRODES SO ARRANGED THAT PUNCTURE COULD NOT TAKE 
PLACE 


In the previous test given, the lines of electrostatic force were 
perpendicular to the surface of the porcelain due to the fact 
that a long metal electrode was used inside the porcelain bush- 
ing and the other electrode was placed against the surface in а 
valley of a corrugation. 

In the test now to be described the internal electrode was 
removed from the bushing and placed in the oil at a horizotal 
distance of 9 in. from the center of the porcelain bushing and 
at about the same distance from the other electrode which 
rested on the upper surface of the bushing. The lines of elec- 
trostatic stress were carried through the porcelain to a certain 
greater extent than through the oil due to the fact that the 
dielectric constant of porcelain is about 21 times that of oil. 
However, there was no tendency to puncture the main body 
of the porcelain and the only effect obtained was the intense 
voltage gradient at the surface of the porcelain on which the 
small electrode rested. | 

In the first group of tests the time of application was 10 sec- 
onds and the potentials used varied in the seven different 
grooves tested from 120 kv. down to 70 kv. Тһе general re- 
sults of these tests were negative, that is to say, no markings 
were caused by the potentials applied. | 

In the second group of tests the porcelain bushing was rotated 
about 80 deg. from its previous position. "The time of applica- 
tion of potential in each of the ten tests made was five seconds. 
The results show the gradual development of faults. 
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; 
Groove Ку. Ар- Comments 
No.  plied. 
70 No visible damage to the surface. 
No visible damage done to the surface. 
A visible black speck on the glaze of the bottom of the groove. 
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110 Slightly larger speck. 

120 Same size of speck as previous test. 

130 Same size of speck as previous test. 

140 Visibly larger speck. - 

150 А black streak about two mm. long. During the test a visible glow was 
seen through rather dark oil at a depth of 3in. at the contact of the electrode 
and the surface of the electrode. 
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Comparing the second group of tests to the first group, it 
should be noted that in spite of a reduction of time from ten 
seconds to five seconds, damage was done at the same voltage 
which indicates perhaps weaker porcelain. 

In the next test which was made on groove 10, the time of 
application of potential was increased from five seconds to 30 
seconds and the voltage was maintained at 150 kv. Asa result 
a black streak about three mm. long was produced on the surface 
of the porcelain. А microscopic examination showed two punc- 
ture holes in the glaze and a black streak running along the 
surface of the porcelain. The diameter of the punctured holes 
in the glaze was about equal to the size of the bubbles in the 
glaze. 

In the third group of tests the time was made uniformly 30 
seconds for cach step. Тһе same angular position was used as 
in the previous tests but the distance was 3} in. farther up on 
the bushing. 

Groove Kv. Ар- Comments 
No. plied. 
12 100 No visible damage to the surface. 
13 120 А glow at the electrode visible through the oil. А streak about 5 mm. long 
was produced on the side of the ridge. Some glaze was chipped off. 
14 140 Same glow as before. Small black speck produced on the side of the ridge. 
15 160 Visible glow through the oil. А circular piece about 2 mm. in diameter 


chipped out of the glaze on thc side of the ridge and a strcak 10 mm. long 
extending at an angle down the ridge. 


Conclusions. So far as the data go we must conclude that 
the quality of the porcelain varies at different points of the 
surface. The damage is apparently done by an extra large 
displacement current at the surface which causes local heating 
by the spark. These tests apparently indicate a new method 
of investigation of homogeneity of porcelain. They have not 
been carried far enough to determine all the causes of differences 
found. 
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71. AN EXAMINATION OF THE SURFACE OF A PORCELAIN BusH- 
ING BY VOLTAGE GRADIENT TESTS 

After considerable preliminary work the following basis of test 
was determined upon. A corrugated porcelain bushing of uniform 
thickness was immersed in oil with a rod 3/16 in. diameter through 
the center ofit. Around the bushing in the valley of a corrugation 
was placed a copper wire 0.05 іп. diameter. Between these two 
electrodes there was applied 120 kv. during a period of five sec- 
ота, using the oscillator as a source of power. As а result, 
the voltage gradient at the surface of the wire caused more or less 
small black spots or scores. The clectrode was then moved 
into the valley of the adjacent corrugation and the test was 
repeated until all the 20 corrugations were covered. An examina- 
tion was then made of the surface of the porcelain and it was 
found that in certain localities there were no spots and in cer- 
tain other localities there were a considerable number of spots. 
The development of the surface of the porcelain 1s shown in Fig. 
34 with the location and the rclative sizes of the spots. ' 

Since at the start the potential gradient at all parts of the 
encircling wire was quite uniform these tests show a difference 
in the diclectric current in the porcelain. Тһе exact nature of 
this difference is not determined at the time of writing but it is 
evident that it represents a difference in homogeneity of the 
porcelain. It cannot be stated that this difference represents a 
serious or important difference in this particular piece of porce- 
lain. At the same time it would seem that this electrical method 
would be a convenient one for examining variations in the porce- 
lain as they might be affected by non-homogeneous distribution 
of ingredients, of drying, or perhaps some other factor. 

Knowing that the bubbles in the glaze are the beginning points 
of the damage to the surface and still further knowing that the 
expansion of a spark into a bubble would give a greater concen- 
tration of voltage gradient at this point, it was thought possible 
that the beginning of the trouble was due entirely to the acciden- 
tal location of bubbles in the glaze. While this may be true it 
was necessary to make further tests to determine if there was a 
real difference in the quality of the porcelain underneath the glaze. 
The porcelain bushing was taken to a carborundum wheel and 
the glaze was carefully ground off in the vallevs of the corruga- 
tions. The previous tests were then repeated and are shown іп 
the three lower lines of Fig. 34. The damage done in the previous 
tests was entirely superficial and the black spots disappeared 
during the grinding off of the glaze. Тһе new spots shown for 
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corrugations 13, 7 and 3 occurred in the same general locality 
that they did in the previous test when the glaze was present. 
This tends to prove that the porcelain varies in quality through- 
out the bushing. 


72. WHEN Does THE TEST DAMAGE Goop PORCELAIN? 


It was found in the voltage gradient tests that when the volt- 
ages over 100 kv. were applied the damage to the porcelain started 
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Мар of scored surface of a porcelain bushing to which was applied a voltage gradient 
test. 120 kv. was applied ten seconds. The small black spots represent the beginning 
of puncture. Тһе variations in the location of the spots over the suríace of the porcelain 
are presumably due to variation in the quality of the porcelain. The small map below 
shows three tests on grooves which had the glaze ground off. Тһе electrode was a wire 
0.05 in. diameter wrapped around the valley of the corrugation in each of the above tests. 


in a definite spot and within a few seconds the damage was gradu- 
ally increased until puncture finally took place. By making a 
few preliminary trials it was possible to determine roughly the 
law which determines the voltage and time of application which 
would damage the surface. These time-voltage applications 
were then made over the different parts of a porcelain bushing 
and as a result a certain number of spots were obtained for each 
application. The spots varied in diameter and somewhat in 
number. Therefore a certain arbitrary weight was given to the 
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size of the spot and the number of spots was taken as a criterion 
of damage done. Small spots were given a weight of 0.8 of the 
average. Large spots were given a weight of 1.2 of the average 
size of spot. Then the time voltage tests which gave approxi- 
mately the same number of spots were chosen. The results 
are plotted in Fig. 35. 

It must be confessed that this is a rough method of arriving at 
the curve and yet it is of fair reliability for this quality of porce- 
lain. It shows that at the higher impressed voltage the time of 
application must be materially less than when the applied volt- 
ages are lower. At something less than 100 kv. it shows that 
the tests on this particular sample can be applied for an indefi- 
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A rough curve to illustrate the growth of damage to dielectric strength in porcelain bush- 
ings at different values of kilovolts applied. At the higher voltages the damage takes place 
more rapidly than at the lower voltages. This relation gives a rational basis fo or the proper 
period of application of test voltage which can be applied without damaging good porcelain. 


nitely long time without starting a fault by concentration of volt- 
age at the electrode. 

This is the first step in laying out a rational rule for testing 
of porcelain. Other tests are being made using wires of larger 
diameter with corresponding variations in the values of potential 
gradient in order to determine the law of potential gradient ver- 
sus damage to the porcelain. Тһе potential gradient 15 ех- 
tremely high as compared to the value that causes corona in air, 
(30 kv. рет cm.). 

In developing the oscillator and gathering the data herein pre- 
sented the author takes pleasure in acknowledging the assistance 
of Messrs. Р. E. Hosegood, 5. Thomson, and С. F. Gray in the 
development of the oscillator and of Messrs. R. H. Forney and 
К.Н. Marvin in the experimental studies. 
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THE ELECTRIC STRENGTH OF AIR—VI 


BY J. B. WHITEHEAD 


ABSTRACT OF PAPER 


(1) Some of the simpler fundamental experiments on the 
electrical conductivity of the air are described. 

(2) The theory of icnization in gases is outlined іп non- 
technical language. 

(3) Townsend's proof that the law of corona forming in- 


tensity Е = 32 + ie is in accord with the theory of ioniza- 


tion by collision, is explained. 


THEORIES OF GASEOUS CONDUCTION AND OF CORONA FORMATION 


IR, under ordinary conditions an excellent insulator, has 

also the remarkable property of becoming under certain 
circumstances a very good conductor. It shares this property 
with most other gases. Air becomes a conductor when exposed 
to Róntgen rays, cathode rays, ultra violet light, radio-active 
substances and other similar influences. In particular it ac- 
quires exceptional conductivity in the neighborhood of sparks, 
brush discharge and the high-voltage corona. 

What is the nature of the structure of the air which permits 
this change of behavior? This is a pertinent question in these 
pages, since it is this change which places a serious limitation on 
the use of high voltages. Тһе study of this question has en- 
gaged the attention of experimental phvsicists for many years. 
It has proved one of the most promising fields for the investiga- 
tion of, perhaps, the most important of all problems of the phy- 
sicists, namely, the ultimate nature of matter. Progress in 
this investigation has been particularly noteworthy within the 
last fifteen years. Even electrical engineers have contributed 
in some measure to the results which have been obtained. It 
is now possible to make a number of definite statements as to 
the structure of gases, and in particular, to that of air. It is the 
purpose of this paper to outline the experimental basis upon 
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which the modern conception of the structure of the air rests, 
and several resulting theories of the nature of the high-voltage 
corona. Effort will be made throughout to keep the description 
. free from technicalivies and to avoid as far as possible the intro- 
duction of mathematical treatment. 

It is with some hesitation that a paper of this character is 
offered to the Institute. Engineers for the most part have only 
a passing interest in questions of pure physics. Тһе daily 
work of most engineers does not involve problems requiring such 
knowledge. 'The study of physics, unfortunately, is reduced 
to an exceedingly small minimum in most of our engineering 
schools. But in electrical engineering particularly, there seems 
to be a special reason why the ultimate nature of electrical 
phenomena should be studied and increasing attention be given 
to the results of the investigation. Many of the most useful 
electrical phenomena are not understood, cannot be explained 
in terms of simpler phenomena, and represent, in many instances, 
the empirical results of the first discovery. As a consequence of 
. these facts there has fortunately within the past few years been 
a noticeable recognition of the need of a deeper study of electrical 
phencmena. Manufacturers have established research labora- 
tories from which results of the highest importance have already 
been received. National testing and standardizing laboratories 
have rightly conceived it a proper function to devote more at- 
tention to research: Independent workers in increasing num- 
bers are devoting their attention to problems which seem most 
likely to lead to results of practical value: And lastly may be 
mentioned an increasing demand that engineers, during their 
formal training, devote more time to the study of the physica) 
sciences, this demand having been created by wide spread recog- 
nition that the deficiency in this respect is a serious limitation. 

The writer has also been influenced, in a year of enforced ces- 
sation of the experimental work which has been the basis of the 
foregoing papers of this series, by a desire, to make use ofthe 
opportunity to coordinate, as far as possible, the results of all 
of the papers which have appeared before the Institute on the 
subject of the electric strength of air, with the theory which 
we are today asked by the physicists to accept. 

The Kinetic Theory of Gases. Опе of the strongest evidences of 
the correctness of modern theories of the electric behavior of 
gases is found in their accord with the kinetic theory of gases. 
This theory had been established practically beyond attack be- 
fore the study of the electric properties was begun. 
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It will be recalled that the kinetic theory assumes that in 
structure a gas consists ultimately of molecules, which are its 
smallest indivisible particles. These molecules are in a state of. 
irregular motion or vibration. They collide with each other 
rebounding to further collisions without definite law. The pres- 
sure of a gas in a closed vessel is due to the impact and rebound 
of the molecules against its sides. The increase in temperature 
is an increase іп the velocity, and hence kinetic energy, of the 
individual molecules. Compression and expansion of the gas 
are accompanied by a shorter or longer amplitude of vibration of 
the molecule between collisions. 

The mathematical study of a system of elastic spheres in some 
such state of vibration as has been described, does not present 
particular difficulties. Тһе method is based on the principle of 
averages; that is to say, it does not consider the motion of an 
individual particle or sphere, but the average motion and average 
length of path between collision resulting from some presupposed 
state as to the total amount of energy associated with the entire 
system of moving particles. Such study has led to many expres- 
sions which have been used as a basis for test of the theory. All 
of the elementary laws of the behavior of gases concerning 
changes of pressure, volume and temperature, are found to be in 
accord with the theorv, and it may be stated that while 
this theory can never be subjected to the rigid proof of actual 
observation, yet nevertheless results of the theory are so uni- 
versally in accord with known facts as to place the correctness 
of the theory beyond all question. While a number of instances 
of this agreement may be mentioned, attention need only be 
drawn to the fact that particular confirmation is found in the 
phenomena relating to the specific heat of gases, to the second 
law of thermodvnamics and to the laws of Avogadro, Boyle, and 
to Van der Walls' extension of the latter. 

Of particular interest in the present connection are the results 
of the kinetic theory which indicate the size, mass, and space 
separation- of the molecules. Our ideas of the diameter of the 
molecule are derived in several wavs; from Boyle's law, and from 
the coefficients of viscosity, heat conductivitv, and diffusion; 
they all agree very closely. Тһе diameter of the molecule so 
indicated is about 3 X 107% cm. Similarly, the number of mole- 
cules per cubic cm. of раз а%0 deg. cent, and 760 mm. pressure is 
2.75 X 10 9 power. The velocity of the motion of a molecule 
between collisions is on the average, in the case of air, about 
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48,000 cm. per sec., that of the hydrogen molecule being 186,000 
cm. per sec. The mass of the molecule of hydrogen, the lightest 
of the gases is 46 х 10-2 gm. The mass of the molecule of other 
gases 1s correspondingly higher, that of oxygen, for example, 
being 736 X 1075, Тһе mean free path, or average length of 
path of the molecule between collisions under standard condi- 
tions is about 1075 cm. 

It will be recognized that this conception and these figures are 
beyond the grasp of our senses. Toassist the imagination, Lord 
Kelvin has stated that if a drop of water were magnified to the 
size of the earth, its molecules would be about the size of cricket 
balls. Perhaps it should be stated that the kinetic theory gives 
no evidence that the actual shape of a molecule is that of a sphere. 
The figures for the diameter represent the diameter of the range 
of action of a molecule in its relation to other molecules. 

Electrical Conductivity of Air. As already indicated, the 
results of the kinetic theory and the magnitudes of the quanti- 
ties given have been used with great advantage by investigators 
of the electrical properties of gases. We now proceed to a 
description of some of the methods of investigation and their 
results. 

Air in the free state has electrical conductivity. This con- 
ductivity, however, is so small that to observe it directly is 
extremely difficult. The methods which have been used іп- 
volve the observation of the rate of leak of static electricity 
from a charged body by means of the gold leaf electroscore. 
The results obtained indicate that in the open the current pass- 
ing between two parallel plates 10 cm. apart and each 100 cm. 
square, assuming perfect insulation, would be of the order of 
magnitude 3 X 107% amperes. This current moreover is the 
maximum which may be obtained and does not increase with 
incrcase of voltage; also it diminishes greatly if the air 1s con- 
fined in a closed vessel. 

The conductivity mav be greatly increased bv exposing the 
air to Róntgen rays, ultra violet light, etc., but in these cases 
also the currents are very small, necessitating the use of sensi- 
tive instruments such as the quadrant electrometer. Тһе con- 
ductivitv so imparted disappears after the exciting cause is 
removed, although not immediately. It may be removed by 
straining the air through glass wool, by drawing it through 
small metal tubes, and by applying an electric field. 

These facts suggest that the conductivity is due to something 
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mixed with the gas which also has an electric charge, since it 
moves out under the action of the electric field. Since the con- 
ducting gas as a whole shows no charge, there must also be equal 
amounts of positive and negative charge. -The conclusion is 
thus reached that the conductivity of the air 15 due to its having 
mixed with it electrified particles, some positive and others 
negative. These particles are called ions, and air or other gas 
in a conducting state is said to be ionized. This idea is evi- 
dently in accord with the kinetic theory of gases, and it is only 
necessary to add to that theory the assumption that under 
certain circumstances some of the molecules acquire electric 
charges, either positive or negative. Leaving aside for later 
discussion the question how the state of ionization is brought 
about, it is possible to test the assumption in a number of wavs. 
With a constant exciting source of conductivity, as for ex- 
ample, a beam of Róntgen rays 
between two parallel plates 
forming the electrodes or term- 
x B inals, we assume that a certain 
number of ions are formed each 
second. The volt-ampere char- 
acteristic of the air between the 
Fic. 1--Сохристіуіту OF AIR, plates is as shown in Fig. 1. 
SHOWING SATURATION CURRENT _ 
(UO: AND: BREAKDOWN) Under low values of electric in- 
tensity, the charged particles are 
carried to the plates with velocities at first proportional to the 
intensity. Thus the current is proportional to the voltage, 
or Ohm’s law is obeyed. With increasing voltage the ions are 
swept out as fast as they are formed, but there can be no more 
current than there are ions, consequently the curve shows the 
horizontal portion known as the saturation current. With the 
further increase of voltage, the air breaks down in the form of 
corona or spark; we will return to this phase later. One of 
the interesting results of the theorv as substantiated bv ob- 
servation, is the fact that with uniform ionization between the 
plates, and voltage high enough to produce saturation, the cur- 
rent increases with increasing distance between the plates. Тһе 
greater the separation the more ions are formed, and, since all 
are swept out, the greater the current. 
The ions which are formed bv the ionizing agent, being charged 
molecules or particles, should disappear in three wavs; (a) by 
recombination; (b) by diffusion to the walls of the containing 
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ELECTRIC FORCE 


848 WHITEHEAD: ELECTRIC STRENGTH OF AIR [Feb. 19 


vessel; (c) by being driven to the electrodes under the electric 
fields. Being in a state of vibration, positive and negative 
particles will sometimes collide and thus become neutral or no 
longer ions. Also some of them will drift to the sides of the 
vessel and will there be neutralized by the induced charges; 
that is, they give up their charges to the walls. Under the 
influence of an electric field they will be driven towards the 
respective electrodes, making collisions and some being пение» 
ized, but finally disappearing as ions. 

The current passing through a gas is evidently equal to the 
difference between the number of new ions formed per second 
and the number which disappear by recombination and dif- 
fusion. This relation can be written in simple mathematical 
form if the velocity of the ions under the electric force, and 
the coefficients of diffusion and recombination are known. 
These quantities have been found by experiment and lead, 
through the equation for the current, to excellent agreement 
between the equation based on the theory and the curve as 
observed experimentally. 

The coefficients of recombination may be found by measur- 
ing the rate of decay of ionization after removal of source of 
ionization in ‘air, between plates so far apart that the rate of 
recombination is far in excess of that of diffusion. Similarly 
by placing the plates very close together the rate of disappear- 
ance due to diffusion may be approximately measured being in 
these circumstances much greater than that due to recombina- 
tion. | 

One of the most important properties of gaseous ions is their 
motion through the gas under the influence of an electric field. 
The velocity of this motion has been studied in several ways. 
One of the best known methods is to measure the electric force 
required to force the ions against a stream of gas moving with a 
known velocity. Suppose, in Fig. 2, that air 1s moving through 
the space between two concentric tubes with a velocitv V, and 
that a beam of Róntgen rays passes through the tubes through 
small openings as indicated. The ions formed will move down 
the tube. If voltage is applied between the inner and outer 
tubes the ions will tend to move to the inner and outer cylinders. 
If the inner tube is divided at А, by moving it from right to left, 
along the axis, a point will be found where the right hand section 
will just begin to receive a charge as shown by the instrument E. 
This charge will be due to the ions which started near the point 
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B; all the other ions will be driven to the left hand section of 
the inner cylinder. From the value of V and of the electric 
force, and the dimensions of the cylinders, it is possible to 
determine the velocities of the positive and negative ions. 
Another method of measuring the velocity of the negative 
ions depends on the fact that negative ions escape from a zinc 
surface illuminated with ultra violet light. The plan of the 
experiment is shown in Fig. 3. The zinc plate A forms one 
electrode and a wire netting through which ultra violet light 
may pass, the other. Alternating difference of potential is 
applied between A and B. A negative ion starting from A 
will move downward while the negative half wave lasts, but 
will then start back to the plate A again. If, however, B is 
near enough, negative ions will reach it, and there will be a 
rate of leak from A which is observed at Е. From the dis- 


4.7... А 
----AMit------B 
x Arc 
A.C. 
Fic. 2—MEASUREMENT OF VELOCITY Fic. 3— MEASUREMENT OF 
OF IONS VELOCITY OF IONS 


tance A B, the frequency, and the voltage, the velocity of the 
negative ions may be readily determined. 

From these and other experiments it 1s shown that the velocity 
of the positive ion in a field of one volt per cm. and in dry air 
at atmospheric pressure is 1.36 cm. рег sec.; of the negative 
ion 1.87 cm. per sec.; in moist air the figures are 1.37 and 1.51. 
In oxygen the figures are about the same as in air; in carbon 
dioxide 0.76 and 0.81 and in hydrogen 6.7 and 7.9 cm. рег sec. 
It will be observed therefore that in fields of high intensity 
say 20,000 to 30,000 volts per cm. the ions тау attain quite 
high velocities. 

One of the most interesting conclusions reached through the 
assumption that gaseous conductivity is due to charged ions, 
is that the charge on an ion is the same for all gases, and that 
its value is the same as that carried by the atom of hydrogen 
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in the electrolysis of solutions. This conclusion is reached by 
a consideration of the phenomenon of diffusion of gases, or the 
process by which two gases, if brought into contact, will slowly 
mix together. It will be seen that under the kinetic theory of 
gases this can only take place by motion of the molecules, and 
it is possible in this way to reach a conclusion as to how rapidly 
a molecule will move through a gas under the action of a force. 
In the case of diffusion, this force may be calculated on the 
kinetic theory from the pressure, temperature, and density of 
the gas. It is reasonable to suppose that if the molecule is 
charged, that is, if the gas is ionized under an electric force, 
the ions will move through the gas in much the same manner 
as the molecules do in diffusion. This idea leads to a simple 
relation between the coefficient of diffusion D, the charge on 
an ion e, the number of molecules N per cu. cm. of gas at 
pressure P, and the velocity of the ions U under unit electric 
field, viz. U/D = E. As U, D, N and P can be measured, 
e may be found, and from experiments on a large number of 
gases is found to be approximately the same and equal to the 
charge on the hydrogen ion in electrolysis. 

If both positive and negative ions are present in a gas, and 
in equal numbers, they will move in opposite directions under 
an electric field, and there will be no resulting motion of the 
gas. If, however ions of one sign or the other predominate, 
there will be resultant motion of the gas in the direction of 
motion of the excess ions. "This motion has been frequently 
observed experimentally, (discharge from points, corona, etc.) 
and a striking instance of it is described in the third of this 
series of papers. 

Тһе Electron. Тһе first step towards the proof of the inde- 
pendent existence of ions may be said to be due to Crookes, 
who suggested that the cathode stream, or the bundle of ravs 
which always appears to leave the surface of the negative clec- 
trode in a vacuum tube was, in fact, a stream of distinct nega- 
tively electrified particles. Тһе evidence of this was found 
in the shadows cast by the objects placed in the path of the 
rays, in heat generated at their point of impact, and in their 
deflection in a magnetic field. It had already been proved by 
Rowland that a moving electric charge is equivalent in mag- 
netic effect to an electric current. Тһе suggestion of Crookes 
was that the moving particles were charged molecules. 
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Following the idea of Crookes, J. J. Thomson in 1897 an- 
nounced his remarkable experiments showing that the particles 
in the cathode stream are much smaller than molecules and that 
their mass is, in fact, only about 1/1800 that of the hydrogen 
atom in electrolysis, the lightest particle known up to that 
time. The experiments have been widely described and are 
well known. In the first of them, by making use of the amount 
of deflection of the rays in electric and magnetic fields of known 
intensity the ratio e/m of the charge to the mass of the particles 
was deduced and also the velocity with which they moved. In 
subsequent experiments by making use of the fact that, in the 
formation of water drops by condensation, the first drops form 
on the negative ions, the value of the charge on the ions was 
determined and was found to be equal to the charge carried 
by the hydrogen ion in the electrolysis of solutions. This 
value taken in conjunction with the ratio e/m leads to the 
conclusion that the particles in the cathode stream are far 
lighter than the atom of the lightest known substance. ` 

Numerous experiments have shown that these smallest par- 
ticles are common to all kinds of matter. The same values 
are found for different gases and different materials of the elec- 
trodes in the vacuum tubes used in the experiments, as well 
as for the charged particles forming the B-rays of radioactive 
substances, those forming the discharge from hot bodies, and 
those shot off from certain substances under the influence of 
ultra violet light. The newly discovered particles were called 
by Thomson ''corpuscles," but they are now more commonly 
known as ''electrons." They carry invariably a negative 
electric charge of about 4.7 Х10719 c.g.s. electrostatic units. 
So far as is known they have no existence independent of their 
. charge and are in fact generally supposed to be the elementary 
electric charge. They move with different velocities accord- 
ing to the value of the electric force acting on them. Thomson’s 
values in vacuum tubes were in the neighborhood of 2.6 X 10? 
cm. per sec., while those observed in the B-rays are even higher, 
approaching the velocity of light (310! cm. per sec.) The 
independent existence of individual ions has been shown in 
beautiful manner by Millikan and by Wilson. Тһе former 
has been able to study the motions in an electric field of ex- 
tremely minute oil drops so minute that their rate of fall is very 
slow. Тһе method involves the microscope and powerful 
illumination from the side. Тһе oil drops pick up one or more 
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ions and become charged particles. "Their rate of fall or rise 
in the electric field between two parallel plates permits their 
charge to be calculated. It is found that the increase in charge 
as the drop picks up more ions, is always a multiple of the 
charge of the negative ion as found by other means, thus actually 
isolating the change in charge due to the accession of a single 
ion. 

Wilson, making use of the powerful illumination of small 
water drops in much the same way, has been able to photo- 
graph the path of the positive ion or а particle from radium. 
Water drops, on the expansion of water vapor, form first around 
negative ions. If water vapor is subjected at the instant of 
expansion to the action of radium, the negative ions, formed 
by the collision of the œ particles with the molecules of the 
water vapor, become centers of condensation, and so form 
tiny clouds in the general appearance of a thread, along the 
path of thea particles. If a photograph is taken at the instant 
of expansion, the paths of the а particles and also of the В 
particles or electrons are shown with remarkable clearness. 

The electrons are supposed to be a common constituent of 
all matter, and now play a most important role in all modern 
physical theory. By assuming the presence of varying num- 
bers and arrangements of them in the atoms, and that they 
are in motion, many phenomena, particularly those of light 
and radiation, may be explained. In this paper, however, we 
are only concerned with the part they play in the theory of 
the conduction of electricity through gases. | 

Conductiwity Due to Electrons. In conductors the electrons 
are supposed to be very loosely bound to the molecules so that 
there are large numbers always free, and these conduct the 
current by motion under the electric force. In a gas, the mole-. 
cules are in violent motion, and some of their collisions are 
violent enough to knock off an electron. This electron may 
attach itself to a neutral molecule forming a negative ion, or 
it may recombine with a molecule which has already lost an 
electron forming again a neutral molecule. А molecule which 
has lost an electron becomes a positive ion. Ап ion, whether 
positive or negative may attract to itself other neutral mole- 
cules thus forming a charged aggregate of mass larger than the 
molecule. These aggregates are more commonly found in gases 
at high pressure, as for example in air at atmospheric pressure. 
While all these phenomena apparently are common to all gases 
we will confine our discussion to the air. 
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In free air then there are always present, on the average, a 
certain number of free electrons and molecular ions, as the 
result of collisions and recombinations. It is these ions which 
impart to air its small conductivity at atmospheric pressure. 
The number of free ions at atmospheric pressure as deduced 
from this conductivity is about 1000 per cubic centimeter, 
whcreas the number of molecules per cubic centimeter is 3.5 X 
1019; very few ions therefore are required to show conductivity. 
This inherent conductivity is so small, however, that it can 
be observed only with difficulty. Its small value may be ap- 
preciated by remembering that air is one of the best insulators 
known. 

Beyond the saturation current of Fig. 1, further increase of 
voltage results in the break down of the air in the forms of 
luminous discharge such as the brush, the spark or corona. 
The theory of ionization has been applied to this region of the 
curve for the case of parallel plates, and lately to the formation 
of corona on round wires. The spark and the arc have also 
been studied but without the striking confirmation found in the 
two cases mentioned. We will review briefly the case of the 
passage of current between two parallel plates, and from the 
information so gained consider the formation of the corona. 


THEORIES OF CORONA FORMATION 


The sharp turn upwards of the curve of current between 
parallel plates in Fig. 1 with increasing voltage, marks the. 
region at which sparks begin to pass. This curve may now be 
completely explained by calculation of the motion of the gaseous 
ions, if the assumption is made that an ion either positive or 
negative may in an electric field acquire sufficient velocity to 
cause, on collision with a molecule, its break up into ions. 
This assumption, first suggested by J. J. Thomson, has been 
developed into an extensive theory by J. T. Townsend under 
the name “ionization by collision." This theory has been 
widely substantiated by experiment, and is now accepted as 
the basis upon which all phenomena of electric discharge or 
conductivity of gases must find their explanation. 

While all phenomena of spark discharge are of first importance 
to the engineer, it 15 probable that no single one has attracted 
so much attention of late as the corona formed on round wires. 
While experimental determination of the voltage at which 
corona appears on clean wires may be made with a high degree 
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of accuracy, including the effects of temperature, pressure, etc., 
and while the values of the losses between transmission wires 
due to corona under different conditions may be predicted 
quite closcly, it remains a fact that none of the phenomena have 
been satisfactorily explained. Тһе experiments in substanti- 
ation of the theory of ionization by collision, have been carried 
out at low prossures and with parallel plate clectrodes, conse- 
quently the results have not been directly applicable to phe- 
nomena at atmospheric pressure and other forms of electrode. 

Townsend has lately attempted to explain the law governing 
the appearance of corona on round wires. Тһе explanation 
does not extend to the loss between wires, but it is important 
to all who are concerned with problems affected by the forma- 
tion of corona. It is Jargely the hope of being able to present 
an outline of this explanation to electrical engincers that has 
led to the preparation of this paper. It will be necessary, for 
a proper understanding of the explanation of corona formation 
now offered to review briefly two or three fundamental ex- 
periments. 

We have already noted that the negative ion, or electron, is 
much smaller than the positive ion which is usually of the size 
of a molecule or larger. Тһе electron moves faster in an elec- 
tric field, and it generates ions bv collision before the positive 
ion. This may be shown by taking the curve of Fig. 1 with 
concentric cylinders, first with the inner cylinder (or wire) 
positive and then negative. In the former case, the upward 
bend starts at much lower voltage, and therefore on the theory 
of collision, the negative ion becomes active before the positive. 

We will describe two simple experiments as given by Town- 
send. Let ultra violet light fall on the inner surface of one of 
two parallel plates; experiment shows that the plate will lose a 
negative charge. Let s, be the number of negative ions s | 
free per second by the light. If the opposite plate 1s positr 
charged and if the potential gradient is low, no ions w! 
produced by collision, the 70 ions will travel to the pe 
plate, and the current will be independent of the distance be- 
tween the plates. If, however, the electric intensity is high 
enough the ions will produce others by collision. Let о be 
the number of new negative ions produced by a negative ion 
in going through one centimeter of gas, and z be the total number 
thus resulting in a layer of thickness, x, measured from the 
negative plate: then 
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dn = n adx Thus for distances 7119, etc, 
) ? 
log n = ах +4 const. пу = no €@he n, = по €*%, etc. 
п = No €%%* 
; . H° Из Ж 
Since when x = 0,” = ng S.— = —etc. = ef (И-И) 
71 пә | 


the experimental proof consists in showing that the currents 
which are proportional to nı, n», etc. increase with the distance 
between the plates in accordance with the exponential law 
indicated. Also in showing that for the same pressure and 
potential gradient œ is constant for all distances. 

Again if пе ions are produced by Röntgen rays, in the air be- 
tween two plates, a distance / apart, in a layer dx, at distance 
x from the positive plate, a number d are generated by the 


rays. In passing through a distance x, acted on by the elec- 


.. nod 
tric force X, these produce by collision i 2 єх; thus the 
number of negative ions reaching the positive plate is 


ET € x dx ny (є! — 1) 
п = -------------- = —PN s  s.H 
l al 


U 


the ratio нуз) 15 given by the currents, no being the value when 


во 1055524 nroduced by collisions, т.е. the saturation current, 
and 4 t value under the electric intensity X. The proof 
of tho fcr, Ја is found experimentally in the facts that п/п 
vare stn / as indicated, and that a is constant for different 
values of /. 
rro» e.ceviments of this nature it was found that with con- 
ағас” cressuse and increasing electric force, X, a@ increases to 
ба тахиа value. This is in accord with the theory, since о 
"nc hove s umiting value represented by the total number of 
eoru siens it makes with molecules in passing through one centi- 


xneter, еп collision resulting in the forming of a new ion. 
Ормон у & will also vary with the pressure since, on the 


kinetic tit оту, the space separation of molecules increases with 
derreasin i rassure. This is also proved by the experiments. 
Wash Gece asing pressure and constant electric force, œ first 
u ereas, v эсе the velocities of the electrons first increase due 


o5 tne lor.» time they are acted on between collisions by the 
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electtic force. With further decrease in pressure the velocities 
of the electrons continue to become higher but the number of 
molecules per centimcter, of path decreases and consequently 
о decreases again. These facts are stated more generally by 
Townsend as follows: 

“Та passing through a centimeter in a gas an ion traverses 
free paths of various lengths between the collisions. Тһе 
chance of producing a new ion by collision will depend on the 
velocity at impact, and this is determined by the force Х and 
the length of the path which is terminated by the collision. 
The lengths of the free paths are inversely proportional to the 
pressure, so that if the pressure is increased from p to zp all 
the free paths will be reduced to 1/2 of their original value. 
If the force X remained unaltered, the velocities on collision 
would be reduced, but 1f the force is increased to zX the veloc- 
ities will be restored to their original values and the number of 
ions arising from a given number of collisions will be the same 
as before. Since the total number of collisions per centimeter 
is increased in the same ratio as the pressure, the value of а will 
be increased to z а, when X and р become zX and zp respectively 
Hence the three variables must be connected by an equation 
of the form - 


The following figures in support of this reasoning are given 
by Townsend as being typical of a large number of observations: 


p = 2 mm. X = 262 voltspercm.@a= 3.7 
р= 4 “ - X = 525 “ " “ а= 7.4 
p=8 ©“ X =1050 “ “© * а= 14.8 


The strongest substantiation, however, lies in the fact that if а 


be determined for various values of X and f, and if 5 and = be 


b 


used as coordinates all the points will be found to lie on a smooth 
curve thus giving the graphic form of the equation 


2-25) 

р р 
This relation between a, X, and p is the concrete expressjon 
of the fundamental assumptions of the theory of ionization by 
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collision. It is the instrument which Townsend uses most 
freely, and an instance is shown in his explanation of the corona. 
. The values of а at low pressure (1 mm.) as taken from Town- 
 send's results vary from 10 for X - 1000 volts per cm. to 0.7 
at 100 volts per cm. One curve shows even lower values for z 
and X; at 1 mm. pressure апа 60 volts рег cm. w is 0.1. Thus 
we would deduce that at 760 mm. under a gradient of 45,000 
volts per cm. 76 ions would be produced by one electron in 
moving through one centimeter. Forsmaller forces the value оға 
becomes rapidly smaller, and if we recall that the sparking grad- 
ient in air between parallel planes at 760 mm. pressure is about 
30,000 volts per cm. the above figures indicate that sparking or 
other form of breakdown is caused by very few ionizing collisions. 
It should be noted, however, that all of these figures are taken 
from experiments at low pressure, 2mm. to 8 mm., and the values 
of а are based on measurements of current at values of Х/р, 
which would cause sparking at atmospheric pressure; conse- 
quently conclusions as to phenomena outside the range of ob- 
servation should be taken with caution. At 30,000 volts per 
cm. and 760 mm. pressure X /b is 39, whereas Townsend’s lowest 
values of X/p forair are between 50 and 60, and as stated, the 
observations were made at pressures far below 760 mm. 

Spark Discharge. Most of the results we have mentioned 
were obtained under conditions in which negative ions alone are 
active. But the positive ions also may become ionizing agents. 
In generating ions by collision, the negative ion at each collision 
creates a negative and a positiveion. If in the experiment with 
parallel plates, the separation of the plates is increased, while 
X and p аге kept constant, the current reaching the positive 
plate increases faster than is indicated by the expression N, eza ! 
which is based on the assumption that negative ions only generate 
new ions by collision. It may be shown that this increase can 
be explained on the assumption that positive ions also, if allowed 
a long enough path and subjected to a great enough force, will 
also act as ionizing agents. By considering now two quantities 
a and f, the number of ions generated by the negative and 
positive 1ons respectively, in moving one centimeter, the value 
of the current may be readily calculated, and conclusions may 
be reached as to how а and [8 vary with the electric force and 
the pressure. The results are again 1n excellent agreement with 
the theory. 

One of the most remarkable and accurate agreements is found 
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in the matter of sparking potential. It will be readily seen 
that when both positive and negative ions are generating ions by 
collision, if the distance between the parallel plate electrodes is 
increased while the electric intensity between them remains 
constant, more and more ions will be formed and there will come 
a distance of separation at which the ions will become self per- 
petuating or the current will continue indefinitely independently 
of the original supply of ions due to ultra violet light or Róntgen 
rays, etc. Itis an important assumption of Townsend's theory 
that this condition 1s equivalent to the passage of a spark. Ав 
already stated the values of the electric force and distance be- 
tween parallel plates for this condition as indicated by the theory 
are in practically complete agreement with the long established 
values of the sparking potentials between parallel plates. 

Having given this brief description of Townsend's theory and 
experiments, we proceed to the explanations which have been 
offered of the formation of corona on round wires. 

The Corona. That the surface electric intensity at which 
corona forms on round wires varies with the diameter of the 
wire, was clearly shown by Ryan in 1904. In 1911 Alexander 
Russell using the accurate figures obtained by the author and 
given in the first paper of this series showed that the law con- 
necting the corona forming surface intensity and: diameter of 
wire, at constant temperature and pressure, may be expressed 
by the simple relation 


Shortly afterward Peck, exploring the influence of temperature 
and pressure, announced the following important modification 
of the above expression in which ó is the “ density factor " 
referred to 760 mm. and 25 deg. as unity. 

(The writer's values of the constants have been retained). 


The first attempt at an explanation of this comparatively 
simple expression appears to have been that of Russell. Noting 
that the corona sends out electromagnetic waves, Russell as- 
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sumes that these waves are the cause of the ionization, and 
that they are set up by collisions between positive and 
negative ions resulting in neutral systems. The energy of the 
original separate charges is liberated as magnetic waves. We 
may with advantage quote him directly: 

* Let us suppose that n is the concentration of the positive 
and negative ions in the corona. By the molecular theory of 
gases we know that the number of collisions per second between 
pairs of ions will equal a »?, where о is a constant. The total 
number of collisions per second per unit length of the wire will 
be 2 ra (a n2), and we may assume that violent ionization begins 
when this attains a certain constant value. Hence, so far as 
the size of the inner wire is concerned, the critical value of л 
varies inversely as Va. If we suppose that the value of the 
electric stress R at the surface of the corona is constant, and 
remember that the concentration n of the ions іп the corona is 
proportional to the potential gradient across it, we get 


It is evident that this point of view does not include the idea 
of ionization by collision. It appears to present several diffi- 
culties. For example it does not suggest how the original supply 
of positive and negative ions is furnished, also it assumes that 
the kinetic theory of gases holds within the corona, and that the 
potential gradient throughout the corona is the same as at the 
surface of wire. The assumption that electromagnetic waves 
can cause ionization is of course justified, (Röntgen rays, etc.) 
but the other assumptions require proof. In spite of the at- 
traction of the simple explanation of the inverse square root of 
the diameter the explanation does not appear very satisfying. 

Bergen Davis in his paper before the Institute entitled 
" Theory of Corona" frankly bases his theory on the ideas of 
Townsend and in fact starts from the expression n = no «45 
which is explained earlier in this paper. It will be recalled 
that ле is assumed as the number of negative ions crossing unit 
area of a plane іп а gas, and that under ionization by collision 
in which a is the number of new ions produced by one ion in 
moving through one centimer, n is the number of negative 
ions crossing unit area of a plane or reaching an electrode at 
distance x. 
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Davis' suggestion then is that under the alternating potential 
of a high-voltage wire, the negative ions, always present in 
the air, move inward on one-half wave and in so doing create 
new ions. On the next half wave they move out, some recom- 
bining, but on the whole more remaining than on the foregoing 
half wave. These in moving inward and thus reaching a more 
intense field, create more 1ons, the whole process being cumula- 
tive, until finally the number n reaching the conductor attains 
a critical value necessary for the appearance of the corona. 
In the development, the plane of no is a cylinder around the 
wire, of such radius b that the electric intensity Хо, uniform 
over all this surface, has the value of the least potential gradient 
at which ionization by collision takes place. Тһе radius 0 of 
the cylinder across which & ions pass when corona forms, thus 
depends on the radius a on the wire, on the voltage E, and 
the distance R to the opposite conductor. 

In the brief description of Townsend's theory above, the 
values of œ were studied for uniform fields of force and a was 
found to be constant as long as the electric intensity and pres- 
sure were constant. Obviously the electric intensity is not 
constant in the neighborhood of a round wire, and it is a feature 


of Davis' discussion that he writes the above relation between 
b 


n, No and a in the form т, S , noting that since a is 
à | 
a function of X it must be a function of x the distance from 
the center of the wire. Не then introduces an expression for 
о in terms of x as developed in an earlier paper of his own and 
supported by experiments by Bishop giving indications of the 
amount of energy required to ionize a molecule. А discussion 
of the form of the expression of а and its integration, and the 
subsequent handling of the equations need not be attempted 
here as the original papers may be consulted. It will suffice 
to state that after several radical assumptions Davis reaches 
expressions between radius of wire and critical intensity which 
agree closely with the experimental results of Peek and those 
of the writer. 

The discussion contains so many assumptions which cannot 
be tested that it leaves the reader in considerable doubt as to 
its accuracy. Two conspicuous difficulties may be mentioned. 
First, no account is taken of the ionizing action of the positive 
ions, although it is practically certain that in all forms of spark 


1915 |. WHITEHEAD: ELECTRIC STRENGTH OF AIR 861 


discharge they play an important part. Second, the agree- 
ment between the theory and the results of experiment depends 
on the author's assumption that the minimum ionizing intensity 
for air at atmospheric pressure has the value 26,600 volts per 
cm. All observers now agree that the value of this intensity 
is between 30,000 and 32,000 volts per cm. 

Townsend's Theory of Corona Formation. Until quite re- 
cently, practically all of the tests of the accuracy of the theory 
of ionization by collision have been based on experiments at . 
low gas pressure. Тһе greater part of the experimental work 
of Townsend and his co-workers has been done at pressures 
below 8 mm. of mercury. Owing to the longer free- paths of 
the gas molecules at low pressures it is easier to trdce the 
changes in conductivity due to the presence of ions, and con- 
sequently the law and resulting theory as to the nature of the 
phenomena are more readily studied and developed. It is for 
this reason that the theory of ionization by collision, as developed 
by Townsend, and as very briefly outlined above, does not lend 
itself readily to the explanation of arc, spark and other types 
of discharge at atmospheric pressure. Townsend has, however, 
applied the theory to the phenomena of spark discharge at low 
pressures and has shown a remarkable agreement between 
theory and experimental observation. In explaining the corona 
at atmospheric pressure he makes use of this agreement since 
he considers the corona a particular form of spark discharge. 

In brief outline, Townsend's proof that the corona may be 
explained by the theory of ionization by collision consists in 
three steps: 

(1) The laws of sparking at low pressures between parallel 
plates are in accord with the theory of ionization by collision; 

(2) The fundamental relation of the theory, connecting pres- 
.sure, electric force and the number of 1ons generated by a single 
ion in moving one centimeter (° = p f (2) ) when applied 
to aconcentric wire and outer cylinder, leads to a simple rela- 
tion between radius of wire, electric force and pressure which 
is in agreement with the results of experiment. 

(3) The values of electric force necessary to form corona are 
in agreement with the forces which may be calculated from 
the laws of sparking between plates. 

(1) All three of these steps are necessary for complete identi- 
fication of corona as a case of ionization by collision, but our 


2 
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interest lies chiefly in the third. We will, however, first indicate 
briefly the agreement mentioned in the second step, omitting 
entirely discussion of the first, since the nature of the proof 
has already been suggested and further discussion would lead 
beyond the scope of this paper. 

(2) The relation mentioned as the second step of the proof 
is that when corona is formed on wires of different radii at dif- 
ferent pressures the product a Xf is a function of a X X where 
p,a and X are pressure, radius, and critical surface intensity. 
In other words, if a and p are varied so that their product is 
constant than аХ will also be constant. This relation follows 
simply by comparing the number of new ions.generated bv a 
single fon in moving through corresponding paths in two cases 
of concentric wire and cylinder, one in which the radii and pres- 
sure are a, A and p, and the other in which they are ka, РА and 
p/k. The proof need not be given here. Townsend. quotes 
Watson's results as follows, in support of the correctness of 
this reasoning; the values of b and а were chosen so that the 
product аф has the same value. 


760 0.1 75 76 7.5 
560 0.136 55 76 7.5 
360 0.211 34 76 7.2 
760 0.2 61 152 12.2 
560 did 44.5 159 12.5 
360 0.422 28.5 152 12 

760 0.5 46.5 380 23.2 
560 0.68 35 380 23.7 
360 1.055] 22 380 23.2 


t 


It will be noticed that the product AX is constant for ap con- 
stant. Іп a recent paper Townsend and Edmunds have re- 
ported observations of the corona forming intensity on five 
sizes of wire (0.006 to 0.476 cm.).in two sizes of cylinder (1.98 
and 7.45 cm.) over a range of pressure one mm. to 760 mm. 
These results offer a much wider range for comparison than 
those of Watson. A large number of values of aX were ob- 
tained for each of 18 values of ap. The agreement in each case 
was very good. 

(3) The simplicity of the form of the expression connecting 
critical corona intensity with the radius of the wire at atmos- 
pheric pressure has always suggested that it should have a 
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simple explanation. "Townsend has been the first to offer the 
explanation. As often happens, it is simple enough: to cause 
surprise that it has not been seen before. Further it depends 
on the theory of ionization onlv insofar as does the phenomenon 
of spark discharge. Explain sparking on any other theory and 
the law of corona formation is explained on the same theory. 
It should be noted, however, that there are in reality no other 
theories of sparking which have been developed to an extent 
comparable to that of ionization by collision. 

Assuming that the electric intensity or force at the outer 
boundarv of the corona is 30 kilovolts per centimeter, the mini- 
mum sparking intensity for air, the average intensity in the 
¥,+ 30 

2 


corona is - X;, being the intensity at the surface of the 


wire, at which corona is formed. Thus on the assumption that 
corona is а form of spark discharge this average intensity 
should be equal to that required to cause a spark to pass be- 
tween two parallel plates separated by a distance 5 = с-а, с 
being the radius of the outer boundary of the corona, and a that 
of the wire. Now the law for sparking potentials between plates 
separated by small distances has long been known and is V = 
30S + 1.35, V being in kilovolts. Consequently by the above 
assumption 


X; + 30 1.35 
2 ` = 


с-а 


= 30 + 


The radius of the corona с may be expressed іп terms of X, by 
noting that forces at points outside the wire are inversely as 
their distances from the center. Thus X,, being force at dis- 


tance a, and 30 that at distance c, we havec = aX substitut- 


| 30 
ing: 
X;+ 30 _ 1.35 
е куйе ж | 
^ 130 
Or 
a 


which agrees very closely indeed with the author's results as 
given in the first and second papers of this series, and also 
with those of Peek and Watson. 
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Although, as stated above, it is not necessary to invoke the 
theory of,ionization to deduce the above relation at atmos- 
pheric pressure from the laws of sparking, the same cannot be 
said when the influence of pressure is to be included. The aid 
given us bv the theory at this point 1s perhaps one of the most sat- 
isfying evidences of its correctness. We have already indicated 
that the theory shows that for the formation of corona Xa is 
a function of фа. Applying this to the above relation between 
a and X, and expressing p in atmospheres we have: 


Xia = f (pa) 

at p = 1, Х; = = 

а 

or -— Xia = 30 a+ ?* 
За Вол 
ра 
ог = p (30 + 7) 
1 Tae 


this relationship was first shown experimentally by Peek who 
verified it over a wide range. 

While the above satisfactory explanations of corona forma- 
tion, and the experimental results confirming them, are all 
based on the assumption and use of continuous potentials, it 
has been noted several times that corona forming intensities 
have practically the same values for both continuous and the 
maximum values of alternating voltages. Although the exact 
identity of the values needs further proof, it is certain that, at 
low frequencies at least, practically the same law as to corona 
formation is obeyed by both alternating and continuous volt- 
ages. It has already been shown in these papers that the fre- 
quency, up to values of 2500 cycles, has little: effect. The 
results of Ryan, however, indicate a pronounced effect at ex- 
tremely high frequencies. 

While, therefore we now have a very satisfactory explanation 
of the first appearance of corona there still remains the greater 
problem of the power loss above the corona forming point. 
The results of Mershon and Peek show, over a wide range, theval- 
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ues of the loss which may be expected on transmission lines in the 
open. Experiments are now needed on clean smooth wires, and a 
study of the results in the light of the theory of ionization by 
collision. When this is done and the results compared with 
the interesting empirical law proposed by Peek, the electric 
properties of the air at atmospheric pressure so far as they 
are of importance to engineers will be fairly well understood. 
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THE RELUCTANCE OF SOME IRREGULAR MAGNETIC 
FIELDS 


BY JOHN F. H. DOUGLAS 


ABSTRACT OF PAPER 


The development of the idea of magnetic reluctance is sketch- 
ed, and the mathematical and experimental methods of de- 
termining it are first discussed. Оп the theoretical side it is , 
e theory of complex quantities which leads to numerical re- 
suits. 

The electric field of an electric generator is next analyzed 
and made to depend approximately upon the reluctance of two- 
dimensional magnetic fields. This study indicates as preferable 
the one shown in Fig. 6 at the left. 

The reluctance of these various magnetic fields is determined 
by experiments made on sheets of high resistance metal cut in 
suitable forms, and by mathematical computation. These re- 
sults are put into charts and formulas convenient for the use 
of those interested in electrical design. Тһе results of the 
tests are proved to be more accurate than most of those already 
published. Іп particular, present leakage flux calculations are 
most in error. ‹ 

ОҒ more general interest аге the plates of the shape of the 
magnetic lines of force in the various parts of electrical machinery. 
In particular. Figs. 42 to 48 include some new results. The 
flux lines in the corners of transformers and induction motors 
are there shown, and the exact solution to the much discussed 
sine-wave alternator problem is there given. 

The paper is divided into (I) Introduction (II) Historical 
Development, (III) Description of Experiments, (ТУ) Accuracy 
of results, (V) Conclusions. There are two appendices giving 
some mathematical details, for reference purposes. 


I. INTRODUCTION 

F WE apply a difference of magnetic potential between 

two portions of the surface bounding a region of space, 

a certain amount of magnetic induction will be developed. 
If no induction crosses the remainder of the surface, we have 
a region which is a tube of induction, carrying a definite amount 
of flux and consuming a definite amount of magnetic potential 
or mangetomotive force. All such magnetic fields possess a 
definite amount of reluctance, R, which is the ratio of the 
applied magnetomotive force, M, to the resulting flux, @, thus, 


R = М/ф (1) 


Manuscript of this paper was received August 6, 1914. 
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If there is no magnetic saturation present this reluctance 15 
a constant. Only fields in media without saturation are con- 
sidered in the following paper quantitatively. A few flux dis- 
tributions in iron are, however, considered qualitatively. 

The reciprocal of reluctance is called permeance or magnetic 
conductance. It is denoted by P; thus, 


Р = \1/Ё = $/M (2) 


If the lines of flux flow аге everywhere parallel and the equi- 
potential sections are everywhere the same, the magnetic field 
can be said to be regular. Such a field has a reluctance which 
can be readily expressed in terms of its dimensions. Thus, 


R = L/u À (9) 


where L is the length of the magnetic flux path, A the area of 
its cross-section, and и the permeability of the medium. 

The above equation can not be used for an irregular magnetic 
field, except for an infinitesimal portion of a tube of induction, 
where infinitesimal values of L and A may be taken. Re- 
course must be had, therefore, to the fundamental definition of 
reluctance in equation (1) by considering the mutual relations 
between М and ф. 

In this paper attention will be limited to some irregular two- 
dimensional magnetic fields; that is, to fields in which the flux 
lines are all parallel to some plane surface. The results, how- 
ever, will be extended to apply to certain threc-dimensional 
. fields, by making approximate assumptions. 

Owing to the fact that there 15 no magnetic insulator known, 
the magnetic ficlds around dynamo electric machinery is very 
irregular. There is fringing of flux in the air-gap, and leakage 
flux between the poles and around the slots. As a consequence 
designers have to use various correction factors, which even 
yet are more or less empirical. A study of the field of typical 
electrical machines was made in search of forms of magnetic 
circuit which needed study. In addition, on the mathematical 
side, various cases were canvassed systematically. Beginning 
with those simple shapes which led to simple integrals, study 
was made of all possible forms up to those which involved in- 
tegrals more difficult than the elliptic integrals of the first and 
second kind. Of all these cases those promising any use were 
selected for study. It is in the hope that some of the cases 
which are worked out here might be of use, that the experi- 
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ments and the mathematical "work were carried out. Some 
of the results mav be of use in analogous electrical problems. 

The exact significance of equation (1) can best be obtained 
bv reviewing brieflv the historical development of the subject, 
tracing out the gradual unfolding of the conceptions involved. 
This will form the first natural division of the subject. 

The various experimental methods, which have been used 
will be described, and discussed in the next section of the paper. 
Before describing a set of experiments made with high resist- 
ance metal strips, an analysis of the magnetic field шош 
ап electrical machine will be made. | 

The simplifying assumptions, made in picking out certain 
two-dimensional fields as applying to what is 1n realitv a threc 
dimensional problem are sufficiently serious to warrant dis- 
cussion. Before passing on, therefore, to the conclusions, the 
accuracy of the results will be compared with that of the present 
methods. 

Тһе detailed mathematical treatment of the problem of the 
reluctance of irregular magnetic fields, is not included in this 
paper, because of its complexitv and too special interest. Never- 
theless the writer went over the ground, both mathematicallv, 
and experimentallv, and found both methods needful for se- 
curing the best results. "Those interested in this side of thc 
subject, can consult the references given in the historical section 
of this paper. Those who prefer to use an analytical formula 
to a curve of permeance, can consult an appendix to this paper 
where the mathematical results are given. Another reason for 
their inclusion is that, while the figures were drawn carefully, 
greater accuracy might in some саѕ25 be desirable. 


II. HistoricaL DEVELOPMENT 


Equation (1) is sometimes called Ohm's law for the magnetic 
circuit, from its similaritv to the law of the same name in the 
electric circuit. This similarity is made the basis of the cecx- 
periments described in this paper. Although simple in its 
final formulation, the law was discovered at a comparatively 
late date, because the ideas implied were of gradual growth. 
The existence of a potential function, the solenoidal character 
of magnetic force, the identity between electromagnetism and 
permanent magnetism, the existence of magnetic induction 
within iron, the idea of a closed magnetic circuit, were all 
needed for the final formulation of Ohm’s law for the magnetic 
circuit. 
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The existence of potential, as.a function whose space deriva- 
tives give the components of the fields of force, is due to La 
Place! who used it with reference to the attraction of gravita- 
tion. The name itsclf is due to Green? who proposed it in his 
prize essav published in 1828. La Place showed that gravita- 
tional potential satisfies the equation 

азу dV азу 


ах? ау? i dz? i (4) 


which is known bv his name. This equation followed from the 
law of the inverse square of the distance discovered by Newton.? 
The suitability of such a function in the case of magnetism 
must have been apparent, because magnetic attraction was 
already recognized as a case of central forces. In 1785 Coulomb‘ 
demonstrated that the inverse square law was true for magnetism. 
The application of potential to magnetic thcory followed at 
once. | 

In 1813 Poissor? called attention to a limitation to La Place’s 
equation showing that it did not apply to the interior of the 
attracting body. In 1827 he derived the correct equation for 
the space within an attracting mass. Owing to this difference, 
for a time the magnetic field inside a magnet was thought 
of as entirely different from that outside of the same. 

In July 1820 Oersted” discovered clectromagnetism, and a 
very short time after that Ampcre® showed the equivalence 
of an electric circuit with a magnetic shell. Thus, the existence 
of a magnetic potential was proved for all points of the mag- 
netic field except those within the magnetizing coil. The 
variation of magnetic potential within the substance of iron,, 
however, was still unknown. These same experiments of Am- 
pere’s furnished us also with the idea of magnetic potential as 

1. Memoires de l'Academic Royal de Paris, 1782. Mechanique 
Celeste Book. 3, Chap. 2. 

2. Collected Papers р. 25. | 

3. Principia, (1687) Book 3, Prop. 1-7. See also Thomson and Tait, 
“ Natural Philosophy” Part 2, p. 9. 

4. Memoires de l'Academie Royal de Paris; 1785 p. 583; 1788, рр. 
587 and 608. | 

5. Nouveau Bul. Soc. Philomatique Vol. 3, pp. 388-302. 

6. Memoires de l'Academie de Paris Vol. 6, July 10, 1827. 

7. Schweigger's Journal Vol. 29, p. 273. 

8. Ann. de Chemie et Physik. 1820. Gilbert’s Annalen, Vol. 67, 
(1821). 
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related to an electric current. The unit of magnetic potential, 
however, came later. 

The concept of electric current as the universal cause of 
magnetism, even in permanent magnets was the last step in 
the development of the theory of magnetic potential? In 
magnets revolving electrons within the atom constitute the 
source of magnetic potential. 

The idea of a magnetic flux is also of gradual growth. At 
first, magnetic effects were considered as being exerted at a 
distance and manifested only when iron filings, a compass 
needle, or other magnetic body was present. However the 
labors of Gauss and Weber with their charts of magnetic fields 
served to make the idea of fields of force more tangible. In 
1813 Gauss!? proved that the surface integral of magnetic force 
over any closed surface is proportional to the amount of at- 
tracting matter within it. This he proved directly from the 
law of inverse squares. Тһе constancy of this integral could 
not hclp but suggest the idea of a flux or flow of force, constant 
in amount, from one magnct pole to another. This so-called 
solenoidal character of magnetic flux was, however, really im- 
plied in La Place's equation. 

If Hz, Hy, and Н, are the three components of the magnetic ` 
field parallel to the three co-ordinate axes, and if the field is 
solenoidal, 


dH, , dH, 


d H, 
пу ТЕ ES 


42 


+ =F = 0 ЕС 


That electromagnetism was solenoidal followed at once from 
Ampere’s discovery that a current was equivalent to a mag- 
netic shell. | 

In 1831 when Faradav!! discovered magnetic induction, he 
was inevitably lead Бу the idea of cutting lines of force to the 
conception of the physical reality to be ascribed to them. His 
experiments in 185112 confirmed thc solenoidal character of 
magnetism within the substance of the magnet itself. Тһе 
concept of tubes of force and of induction followed at once. 

The belief in a magnetic circuit of flux was of gradual ac- 

9. Werner v. Siemens, Wiedeman's Annalen, Vol. 24 (1885), p. 94; 
Larmor, '" Aether and Matter," (1904), p. 108. | 

10. Werke, Band 5, p. 9. 


11. Experimental Researches, First Series, Vol. 1. 
12. Ibid, Vol. 3, Sects, 3077 and 3109. 
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ceptance. At first the identity of the tubes of induction out- 
side the magnet with those inside was not clear. The term 
Magnetic Circuit was first used in 1833 Бу Ritchie, and the 
term closed magnetic circuit in 1853 by Dub" and De la Rive.” 
The connection between magnetic force and induction in iron 
and the distinction between them, outside magnetic substances, 
was АП that was then needed before Ohm’s law for the magnetic 
circuit could be formulated. These were supplied by the 
discoverer. 

The earlier theory of induction in iron took into account two 
distinct actions going on at once. First, there was a magnetic 
field inside the iron but due to outside influences. Second, 
there was a field due to the polarization of the iron itself. Al- 
though this conception is helpful, it delaved the formulation 
of Ohm's law for the magnetic circuit. It was on the basis of 
this theory that the early determinations of the quality of iron 
was made. In 1854 Kirchoff! calculated the susceptibility of 
iron from some of Weber’s experiments with an iron ellipsoid. 
In January 1873 Stoletow!? first used the ring method of testing 
for determining the quality of iron. 

We owe the statement of Ohm'slaw for the magnetic circuit 
to Rowland,!® who not only determined the experimental re- 
lation between magnetic force and induction within iron, but 
also distinguished between the two. Не originated the con- 
ception of magnetic force as a localized magnetomotive force. 
That 1s, magnetic field intensity was the gradient of magneto- 
motive force, rather than the flux density which would be set 
up in air, were the magnetic substance removed. The name 
of permeability as the ratio of magnetic induction developed 
in iron to that produced in other bodies is due to Lord Kelvin,!9 
who attributed the idea of magnetic conductivity to Faraday. 
Howcver, this point of view can be traced back as far as 1821, 
when Cumming?’ measured crudely what corresponded to mag- 
netic conductivity rather than susceptibility. This was a 
rather close approach to the idea underlying Ohm’s law for 

13. Phil. Mag. Series 3, Vol. 3, p. 122. 

14. Poggendorf's Annalen, Vol. 90, p. 436. 

15. Treatise on Electricity, Walker's Translation, Vol. 1, p. 293. 

16. Crelle's Journal, Vol. 48, p. 374. 

17. Phil. Mag., Series 4, Vol. 45, p. 40. 

18. Phil. Mag., Series 4, Vol. 46, p. 140, (Aug. 1873). 

19. Papers on Electricity and Magnetism, p. 484, (1872). 

20. Camb. Phil. Trans., Apr. 2, 1821. 
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the magnetic circuit. Permeability as the permeance of a unit 
cube is of course due to Rowland. 
- Rowland also proposed, in his article, the ampere-turn as the 
unit of magnetic potential difference. In opposition to this 
Bosanquet? later proposed as а unit (10/47) of an ampere- 
turn. He also coined the term ‘‘ magnetomotive force." This 
unit of Bosanquet’s has persisted in spite of the priority of Row- 
land, and in spite of the return to the confusion between field in- 
tensity in air and induction in air, apparently because of the 
great influence of Maxwell. Maxwell” spoke of the intensity of a 
magnetic field as defined by the result of excavating a cavity 
іп the iron of a particular shape. This “ mouse апа cheese" 
theory has always been a hindrance to clectrical engincers, and 
manufacturing companies have always used magnetization 
curves in the form developed by Rowland. Recent Text 
books?* still disagree as to the issue thus raised. 
. The term reluctance for magnetic resistance is due to Heavi- 
side, while the term permeance is due to 5. P. Thomson.” 
The use of reluctance and Ohm's law for the magnetic circuit 
of dynamos was first brought to the attention of enginecrs by 
Hopkinson,” who however introduced a modification by using 
curves of induction plotted against field intensity, or B-H curves. 
The suitability of Ohm's law for parallel as well as series mag- 
netic circuits was pointed out first by Kapp.?5 

The beginning of the theory of the reluctance of two-dimen- 
sional magnetic fields, was in the mathematical theory of 
goedetic lines of various kinds. This was next applied to the 
flow of electric currents in two dimensions and finally extended 
to magnetic problems. Maxwell attributes the application to 
the electric current to Prof. W. К. Smith,? and develops it 
himself іп Chap. XII of his “ Treatise." Тһе following points 
are worthy of notice. (1) His treatment involves the theory 


21. Phil. Mag., Series 5, Vol. 15, p. 205, (Mar. 1883). 

22. Electricity and Magnetism, Vol. 2, Sect. 398, p. 24, 3rd Еа.” 
23. Ayrton and Perry, Jour. Soc. Teleg. Eng. & Elec., 1886, p. 518. 
24. Karapetoff, '' Magnetic Circuit," Ist Ed. р. 12 and р. 266. Pender, 
Principles of Electrical Engineering," Chap. II. 

25. Electrician, (London), Vol. 21, (1888), p. 27. 

26. Dynamo Electric Machinery, 4th Ed. (1892), p. 156. 

27. Phil. Trans. Roval Soc., 1886 Part 1, p. ӚЗІ. 

28. Jour. Soc. Teleg. Eng. & Electr., 1886, p. 530. 

29. Proc. К. 5. Edin., 1869-70, p. 79. See also Treatise on 
Electricity апа Magnetism, 3rd Ed., p. 185. 
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of the conjugate functions of a complex variable. (2) Although 
this is the usual basis for the theory, his conclusions are inde- 
pendent of this method of treatment. (3) Part of this theory- 
is essential to an understanding of the graphical and the experi- 
mental methods. (4) His exposition is confusing to.those who 
do not care to go into the mathematical method deeply. (5) 
A brief outline of this theory is necessary. 

The reluctance of an irregular two dimensional magnetic 
field, such as “ ОАРВ” in Fig. 1, is 


R = Еу | (6) 


where у is the reluctivity or reciprocal of the permeability и, 
t is the thickness, and R’ is a constant which depends only 
upon the shape of the field. If we always work with a thick- 
ness M 


t = v (7) 


of the field, we see that В” is the 
reluctance of such a slice and is 
independent of the material. R’ 
may be called the geometric re- 
luctance of the field.?? 
Each line of flux may be char- 
acterized by a number called the | Fic. 1 
flux function. This is defined as 
the amount of flux passing between this line of flux and an 
arbitrary point or zero of reference, and within a thickness of 
the field equal to its reluctivity. The flux function at a point 
is that belonging to the flux line passing through that point. 
The geometric reluctance R’ is expressible through the flux 
and potential functions. Thus in Fig. 1, the geometric reluct- 
ance of OAPB is, 


К'ольв = (Рр- Vo)/($o— Go) (8) 


The total reluctance of a slice of any thickness can be obtained 
by combining equations (6) and (8). А study of the reluctance 
of two-dimensional irregular magnetic fields is nothing else 
than the study of the graphical and analytical relations between 
the potential and the flux functions. 

Let us consider the field in Fig. 1 as divided by lines of force 
at equal increments of the flux function Дф, and also by equi- 


30. Karapetoff, “ Magnetic Circuit," Chap. 5, p. 93. 
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potential lines at equal intervals AV which are equal to Дф. 
Let us consider that the field is divided also by parallel planes 
into laminae of a thickness ¢ =v. The field is divided thus 
into cells each of which has a reluctance of unity, and all the 
angles of which are right angles. Moreover if the intervals 
Аф and AV are sufficiently small, the curvature of the sides 
of the cells can be neglected. That each cell is a square, is 
easily seen from equation (3). Putting A = tXw, the thick- 
ness being ¢ and the width of the cell being w, we get, 


Оа _ 
mS ue. vt 


Since ¢ is equal to v, the length of any cell / must be equal to 
its width w. Тһе dimensions / and ж are, however, shown 
in only one of the squares of Fig. 1. Тһе fact that the flux 
and potential lines form what may be termed curvilinear squares, 
is made the basis of the graphical method of determining the 
reluctance of an irregular magnetic field. 

If we consider іп Fig. 1 an infinitesimal square formed by two 
lines of flux, ó and $+ A %, and by the two equipotential lines 
V and V+ AV, we can see from the geometry of the figure that, 


dV аф, ау _ dọ (9) 
dy ах’ dx ау 


Functions satisfying these relations are called conjugate func- 
tions. By differentiating the first of the preceding equations 
with regard to x and the second with regard to У, \ we obtain, 
after combining, 


аф Фф _ 
"rir ER (10) 


in other words the flux function, as well as the potential func- 
tion, satisfies La Place's equation in a two-dimensional mag- 
netic field. 

The mathematical similarity between the flux and potential 
functions, suggests the possibility of transposing the roles of 
the potential and flux functions. It must be plain that, since 
the flux and potential lines form squares rather than rectangles, 
there can be no reason why one set of mutually orthogonal lines 
need be chosen as flux lines rather than the other. "Thus for 
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every two-dimensional magnetic field, there is ап exactly 
similar field in which the roles of the two sets of lines is com- 
pletely interchanged. 

Inasmuch as it is possible experimentally to trace out only 
one set of these lines, 1t is very convenient by transposing the 
field to obtain the other. Very considerable use was made 
of this principle in making the experiments described in this 
paper. 

The mathematical methods used in treating the problem 
involves the use of complex numbers such as x + “-1 у or x+7y; 
and more particularly the use of functions of these complex 
variables as representing the equations of the lines of force and 
the equipotential lines. The idea of giving а geometrical 
signification to the square root of a negative number is due to 
Argand?! who suggested in 1806 that X+jY or X -- V — 1 Y could 
be represented by a point with the co-ordinates X and Y. 

The importance of the theory of complex numbers lies in 
the fact that, if we equate, 


W-d$-4jV-2F(X-4jY)-2 F(Z) — (11) 


we obtain two functions of X апа Y, that is ф and V, which are 
conjugate to each other? Thus ф and V are related to each 
other as a two-dimensional flux function and potential function. 

The properties of rational algebraic and trigonometric func- 
tions of a complex variable were familiar to Cauchy and Euler 
but precise ideas of what constituted functionality were lack- 
ing until Rieman. In 1799 Gauss* proved that all functions 
of a complex number were themselves complex numbers. Thus 
graphicallv, for every point (X, Y) in the Z plane there is a 
corresponding one (ф, V) in the W plane. Equation (11) can 
be thought of as transforming any figure іп the W plane to a 
corresponding figure in the Z plane. 

In 1822 Gauss?** proved that the transformations effected by 
equations of the type of equation (11) were conformal; т.е. the 
angular relations were preserved and the corresponding in- 


31. Essai sur une maniére de represente les quantities imaginaires 
dans les constructions geometrique. 

32. Rieman, Gessamelte Werke, p. 5, see also Webster, Dy namics 
of Particles and of Rigid, Elastic and Fluid Bodies, p. 522. 

33. Chrystal, Algebra 4th Ed. 1898, Vol. 1, p. 253. 

34. Gessamelte Werke, Vol. 3, p. 1. 

35. аша, Vol. 4, p. 192. 
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finitesimal parts of the two diagrams weresimilar. For instance 
in the equation, 

t=€+jn = F(X + ЈУ) (12) 
we may regard the function F ( ) as transforming an irregular 
conductor in the (X, Y) plane into another conductor in the , 
(£ m) plane. These conductors are equivalent since the 
equipotential and flux lines in one conductor are all changed 
conformally in the new conductor; that is, without changing 
the shape of the enclosed cells of reluctance. In particular in 
equation (11), the lines in the Z plane formed by the lines 
ф = 0,1, 2, etc. and V = 0, 1, 2, etc. are small curved squares, 
and any rectangular conductor bounded by flux and equipoten- 
tial lines is converted into an equivalent irregular conductor. 
If one tries a few simple functions of (X + jY), and plots the 
curves of constant @ and V, he can quickly convince himself 
of the truth of the above statements. Тһе importance of this 
principle to the theory of the reluctance of irregular magnetic 
fields, is that it furnishes а mcans of converting irregular into 
rectangular conductors, of which the reluctance 1s known. 

In 1825 Gauss** showed that every conformal change could 
be represented by equation (12) provided only that the proper 
functions be found. This was equivalent to proving that every 
irregular conductor could be converted by this equation into 
an equivalent rectangular conductor. While it would be more 
convenient to make this conversion directly, it 1s generally 
_found necessary to make the conversion іп two steps through 
an intermediate irregular conductor equivalent to both. A 
conductor whose only boundary is an infinite straight line 1s 
found to be a most convenient intermediate form. 

As a simple example of the use of the above method, let us 
take the function, i 


$ + JV = (X + JY)*i@ = X?—Y2 ; V = 2 X Y. 


the lines of flux and equipotential are mutually orthogonal 
hyperbolas. Wecan use this function therefore to find the 
reluctance of any figure bounded by these lines, such as that 
in Fig. 2. Thus 


pa VorVs _ _2 X. Y,-2 X, Y, 
i Q$,— Фо Шш (X5, —Yg$) -(Хо- V.) 
_ 2.5.5-2.5.(-5) 100411 
(33-025) —(0?—0?) | 9 9 


36. Schumachers Astr. Abh. 1825, Ges. Werke, Vol. 4, рр. 189-216. 
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From the point of view of equivalent conductors, the above 
equation may be said to convert the irregular conductor in 
Fig. 2 into the rectangle V = 50, V --50,ф = 0,and ф = 9. 
The method illustrated by this problem has its limitations; 
for the proper function needed to suit a particular boundary 
is not always known. 

The transformation of a polygonal area conformally into a 
half plane has been known since 1867, and is due to Christ- 
offe" and Schwartz3? This is equivalent to converting a 
polygonal conductor into its equivalent conductor having a 
straight line boundary. We are then able to find its reluctance 
easily by converting it a second time by the same theorem into 
a rectangle. 

"Let it be desired to convert the polygonal conductor shown 
in Fig. 3 into its equivalent conductor consisting of an infinite 


Vb 
( 


5,5 


Fic. 39— DIAGRAM ILLUSTRATING 
Fic. 2 . ScHWARTZ'S THEOREM 


half plane with a straight line boundary. Let Z = (X + ЈУ) 
be the co-ordinates of any point in the polvgonal conductor, 
and let £ = £ + jy be the two rectangular co-ordinates of the 
corresponding point in the equivalent conductor with the straight 
line boundary. Then Schwartz’s and Chnistoffel’s theorem 
states that, 


0, 6: 05 
Z - [eco (£— 1) *. ... (£— ty) * dt (13) 


where 6;, 02, etc. are the angles shown in the figure, being plus 

when mcasured toward the right and minus when measured to 

the left. The constants 44, із, etc. at the corners of the boundary 
37. Annali di Matematica, Vol. 1, (1867), p. 89. 


38. Crelle, Vol. 70 (1869), p. 105. See Also, J. J. Thomson, '' Recent 
Advances in Electrictiy and Magnetism” p. 208. 
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are the co-ordinates of the corresponding points in the straight 
line boundary of the ¢ plane. Three of these constants are 
arbitrary, and the remainder are determined by the geometry 
of the polygonal conductor. The constant C determines merely 
the size and orientation of the equivalent conductor as a whole. 
There is of course another equation similar to equation (13) 
which transforms the conductor in the half ¢ plane into a rec- 
tangular conductor in the W plane, whose co-ordinates аге ф 
and V. 

When the equations of the lines of force and equipotential 
surfaces are desired, it is necessarv to keep the signs and argu- 
ments of the various terms in equation (13) perfectly correct. 
When, however, the reluctance or resistance only of the irregular 
field is desired, without regard to the shape of the flux and equi- 
potential lines, a simpler method may be used. In this case we 
integrate equation (13) without regard to: argument, using 
only the moduli of the various terms, from one corner of 
the figure to another. In other words, the equation is inte- 
grated from t, to fe, Is to t etc. This method makes graphical 
integration possible. 

The first use of Schwartz’ and Christoffel’s theorem for an 
electrical problem was made by Kirchoff? who used it to de- ` 
termine the capacity of plate condensers. The first suggestion 
of using the method in magnetic phenomena is due to F. W. 
Carter, who adapted Kirchoff's and Thomson’s results to the 
pole-tip fringing in an electric machine. J. J. Thomson* used 
the method in his book “ Recent Advances" to find the capacity 
of the guard-ring electrometer and F. W. Carter‘ applied the 
result with some improvements to slot and air-duct fringing. 
The results are limited theoretically to the case of infinitely 
broad teeth, and infinitely deep slots. С. H. Lees! has de- 
termined the effect of a sudden change in the width of a con- 
ductor upon its resistance. He also found the effect of a narrow 
saw-cut on its resistance.“4 The writer has applied the method 
generally to check his experimental results. Since these com- 

39. Monatsberichte der Akad. der Wiss. zu Berlin, Vol. 15, p. 144. 
See also J. J. Thomson, “ Recent Advances” Chap. 3, Section 238. 

40. Inst. Elec. Eng. Jour. Vol. 29 (1900), pp. 925-933. 

41. Chap. 3, Sect. 241, p. 227; and Sect. 243, p. 233. 

42. Electrical World and Engineer, Vol. 38 (1901), p. 884. See also 
Inst. Civil Eng. Proc., Vol. 187 (1912), p. 311. 


43. Phil. Mag., 5th Series, Vol. 16 (1908), pp. 734-739. 
44. Phys. Soc. Proc., Vol. 23 (Aug. 1911), pp. 361-366. 
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putations are not included, it should he stated that the agree- 
ment was in all cases very close. 

An application of this theorem to hydrodynamical problem 
has been made by Mitchell and Lovet. There are a few 
other more or less complicated cases where Schwartz’ theorem 
has been applied, but these will not be quoted because they 
seem to be mostly of academic interest. 

For irregular conductors bounded by circular arcs, reference 
may be made to Forsythe Theory of Functions 2nd Ed., Art. 
271, p. 644. For the flux and potential problems in thin curved 
sheets, see Darboux, “ Theorie General des Surfaces." 

The reluctance or resistance of irregular fields in three di- 
mensions does not in general admit of solution. Indeed, there 
is not such thing as a flux function, except іп a few cases. One 
of these is when the bounding surfaces and all the flux and po- 
tential lines are in surfaces of revolution. These cases аге fre- 
quently mct with in clectrostatic problems, and therefore offer 
scope for future work along these lines. The following refer- 
ences are given to aid further study. 

Closely allied to the analytical method of conjugate func- 
tions is a graphical method due to L. F. Richardson?! and to 
“Пт. Th. Lehman.9? It 15 quite fully developed by these authors 
for а two-dimensional field. It depends essentially upon the 
fact that the small square cells of such a field can be quite ac- 
curately drawn by the judgment of the eve, and also upon 
the fact that it is easy to adjust them correctly by the use of 
a pair of dividers. In this way various irregular ficlds can be 
drawn, and by counting the number of squares in series and 
in parallel, the reluctance of the ficld can be obtained. Mr. 
Richardson points out how the method may be used in the 
case of irregular fields bounded by surfaces of revolution, and 
also to the case of bodies made of a material showing saturation. 
Use was made of this method in drawing Fig. 26. 

A very striking experimental method of determining the 

45. Phil. Trans. Royal Soc., 1890 part A, p. 389. 

46. Proc. Camb. Phil. Soc., Vol. 7 (1891), p. 175. 

47. Vol. 1, Book 2, Chap. 4, pp. 170, 176-180. 

48. Stokes. “On the Steady Motion of Incompressible Fluids” 
Camb. Phil. Trans. Vol. 7, 1842: Math. and Phys. Papers, Vol. 1, p. 15. 
Sampson. “ On Stokes’ Current Function” Phil. Trans. 1891, Part А. 

49. Phil. Mag., Serics 6, Vol. 15, Feb. 1908, p. 237. 


50. E. Т. Z. Vol. 30, (1909) pp. 995-1019. Lumiere Electrique, Vol. 
8, No. 43, p. 403. қ 
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shape of the lines of force in a magnetic field is duc to Hele- 
Shaw, Powell, and Hay’! using the property that a viscous 
fluid in steady motion flows according to the same laws as an 
electric current. In order to render the stream lines visible, 
they injected thin lines of coloring matter. They controlled 
the permeabilitv of the medium, by varying the thickness of 
the layer of fluid. They determined in this way the field re- 
sulting when cylinders, rings, toothed and shuttle armatures, 
and other variously shaped bodies are introduced into a magnetic 
field. They checked in this manner the theoretical work done 
by Carter. "They were followed by Dr. W. M. Thornton,” 
who used the method for determining the flux distribution in 
the armature cores of electrical machines. These plates are 
reproduced in a paper by Hansen before the A. I. E. E.* An 
application of the same method for determining the electro- 
static fields in а three-phase cable has been made by Thornton 
and Williams.* 

In order to use the above method to determine the actual re- 
luctance of an irregular field of force, mcasurements were made 
of the pressure of the liquid supply, the quantity of flow, and 
the coefficient of viscosity. 

The most useful experimental method of determining the 
reluctance of irregular magnetic fields, is to make use of the 
similarity of the electric and the magnetic circuits, and measure 
the resistance of the corresponding irregular clectric circuit. 

Kirchoff was the first to propose determining the equi- 
potential lines and resistances of an irregular two-dimensional 
electric current field, bv the use of a specially cut sheet of metal 
and specially fastened electrodes. Application of the method 
to other cases was made by С. Carey Foster and Sir Oliver 
Lodge" in 1875, who gave a good bibliography of this part of 
the subject. Gaugain®® modified this method bv using liquid 
conductors such as Mercury, Zinc Sulphate, and Copper Sul- 
phate. W. G. Adams*® developed Kirchoff's method, making 

51. Electrician. (London), Vol. 54, Nov. 25, 1904, p. 213. Phil. 
Trans. Royal Soc. Vol. 195, 1900 Part A, p.'303-327. 

52. Electrical World and Engineer, Loc. Cit. 

53. Jour. Inst. Elec. Eng., Vol. 37 (Feb. 26, 1906), p. 125. 

54. A. I. E. E. TRaNs. Vol. 28, June 30, 1909, pp. 993-1001. 

55. Engineering, Vol. 88, Aug. 27, 1909, p. 297. 

56. Poggendorf's Annalen, Vol. 64 (1845), p. 497. 

57. Proc. Phys. Soc. of London, Vol. 1, pp. 113-193. 

98. Апп. de Chemie et de Physik, No. 3, Vol. 64, 1862, p. 200. 

99. Proc. Royal Soc. 1875, Vol. 23, p. 280. 
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suititable for three dimensions, and using liquid instead of solid 
conductors. 

The use of an electrical experiment upon thin sheets of an 
electrical conductor, for determining the reluctance of the 
corresponding magnetic fields was proposed by F. W. Carter®® 
in 1901. He himself, however, used only the mathematical 
method. Не also proposed the use of the conjugate character 
of the flux and potential functions to determine the shape of 
the lines of force. Since a millivoltmetcr can only be used to 
trace equipotential surfaces, if we desire to trace lines of flow, 
we must contrive to interchange the two sets of lines. Mr. 
Carter proposed cutting a metal strip, to the shape of the de- 
sired irregular magnetic field, but to solder the electrodes to 
those parts of the boundary which were flux lines. Тһе re- 
maining or desired equipotential portions of the boundary were 
to be left free. In this way, an interchange of the roles of flux 
and potential functions is secured upon the boundary, and con- 
sequently throughout the rest of the strip also. 

The suggestions of Mr. Carter were first carried out by Mr. 
С.Н. Smoot®, who used the method to check experimentally 
the reluctance of a case solved theoretically by Mr. Carter. 
He applied the method, also, to get the flux distribution in the 
air gap of an alternator. Both suggestions of Mr. Carter were 
used by the writer in the tests described in this paper. 

An application of the similarity of the electric current field 
to the electro-static field, has been made in 1913 by Fortescue 
апа Farnsworth®, who used a three-dimensional electrical model 
of various irregular electrostatic ficlds. Recently R. Forster® 
has developed a method of determining the electrostatic field 
which he applied to a three-phase cable. He used a conduct- 
ing liquid, and to avoid polarization, inverted the functions of 
the galvanometer and battery circuit of a Wheatstone bridge. 
The method seems to have points of similarity to one of those 
used by G. Carey-Foster and Sir Oliver Lodge.™ 


III. DESCRIPTION OF EXPERIMENTS 


In order to determine the reluctance of various irregular 
magnetic fields, use was made of the similarity of the electric 


60. Electrical World and Engineer, loc. cat. 

61. Jour. Western Soc. Eng. Vol. of 1905, p. 500. 

62. A. I. E. E. Trans., Vol. 32, Part I (1913). p. 893. | 
63. Archiv fur Elektrotechnik, Vol. 2, 1913, No. 5, рр. 175-180. 
64. Proc. Phys Soc.of London. Loc. Cit. 
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and the magnetic circuits, and of the conjugate character of 
the flux and potential lines. The resistances of various irregular 
sheets of metal were measured upon an apparatus shown in 
Fig. 4, and the equipotential lines were also traced out. This 
was done to determine the permeance of the similar magnetic 
field, and the shape of the lines of force. 

Measurement of the resistance consisted in setting the stylus 
attached to the terminals of the millivoltmeter alternately on 
the two points between which the resistance was desired, and 
adjusting the terminal on the slide wire for a null reading. 
This was easily done, as the millivoltmeter had a zero center, 
and both a ten and a hundred millivolt scale. Readings were 
taken of the two ammeters and of the settings upon the slide 
wire. 

The main current and the current in the slide wire were 
maintained constant to suit 
frequent calibration tests. 

Since the absolute resistance 

was not desired, but only the 
" geometric resistance, calibra- 

tion of the meters was not 
made. Тһе calibration of the 
slide wire was effected check- 
ing it against a regular or 
rectangular sample cut from 
the same sheet as the irregular 
sample, and ruled into exact 
squares. In this way identical thickness was secured between 
the irregular sample and the sample for calibration. The current 
in the slide wire was adjusted so that the drop in twenty centi- 
meters was twenty millivolts. "This current was held rigorously 
constant. Тһе main current was adjusted carefully at each cali- 
bration so that the drop in one square of the calibration sample 
was equal to that of approximately twenty centimeters upon 
the slide wire. In any case the exact drop in the calibration 
sample K was noted. In other words a drop of K centimeters 
on the slide wire was equivalent to one unit of geometric re- 
sistance or reluctance both in the regular calibration sample, 
and the irregular sample for testing. Thus to find the resist- 
ance between two points 1 and 2 at which the slide wire settings 
were V, and Ve, we divide the difference of the settings bv K. 
Direct deflection of the millivoltmeter was not used except, 


Fic. 4— DIAGRAM OF CONNECTIONS 
USED IN EXPERIMENTS 
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when under special circumstances, a range beyond that of the 
slide wire was required. For this reason a drop of twenty 
millivolts per twenty centimeters of slide wire was chosen so 
as to make extrapolation easy. 

Та most of the problems investigated it was desired to de- 
termine the shape of the lines of flux, while the millivoltmeter 
could only trace equipotential lines. Hence the roles of the 
flux and equi-potential lines was transposed, by fastening the 
electrodes to only those parts of the boundary which, in the 
magnetic problem, are flux lines. In this way the millivolt- 
meter can be used to trace the flux lines. Тһе resistance, as 
measured in this way, is really the geometric conductance or 
permeance of the problem which it is desired to study. Thus 
we have for computing the permeance the equation 


P = (Vi — V2)/K (14) 


In tracing out the equipotential lines upon the test sample, 
the slide upon the slide wire was set upon a suitable point 
and the stylus which touched the plate was moved about so as 
to find points for which the millivoltmeter deflection was null. 
The stylus was carried by a pantagraph and thus the lines of 
force were drawn at once. Тһе slide wire settings were usually 
varied four centimeters at a time; so that each strip, marked 
off in this way, could be divided graphically into five cells of 
square shape. However this was not invariably followed; and 
always'at any singular point, such as at a corner, an extra line 
was traced. While experiments were in progress, the use of a 
pantagraph for tracing equipotential surfaces was described by 
Fortescue and Farnsworth in their A. I. E. E. paper mentioned 
above. 

The metal sclected for testing was an alloy made bv the 
Driver-Harris Co. by the name of “ Therlo." Тһе sheets were 
approximately 10 mils thick. (4 mm.) The specific resistance 
was approximately 40 michrohms per centimeter cube. This 
metal was selected because of its high specific resistance, small 
temperature coefficient, and low thermo-electric power when 
used with copper. 

The first tests were made to test for thermal effects which 
were found to be negligible. The samples were clamped be- 
tween heavy copper terminals, projections having been left upon 
those edges of the sample which it was desired to maintain ata 
constant potential. 
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The next tests were made to determine the effect of contact 
resistance drop between the test sample and the copper clamps. 
The drop was found to be considerable and steps were taken 
to reduce it. First the copper terminals were cleaned with 
emery cloth, and then partly amalgamated. The drop was 
reduced in this way considerably, so that regular tests were 
begun. In order not to include the contact resistance drop 
the potential was read upon the therlo sheet, but very close to 
the copper electrodes. To facilitate this work, a fine line was 
ruled upon the metal sheet on which the potential was desired, 
The copper electrodes were then clamped very near and parallel 
to this line. 

It was noted, in cases where the clamps were so placed that 
the current entered the metal shcet non-uniformly, that the 
potential along the desired equipotential line varied, because 
of a varying contact resistance drop. Upon comparing the 
results with those calculated from the mathematical theory, 
certain discrepancies were discovered. Search was made for 
constant errors, and found in excessive contact resistance, and 
too infrequent calibration samples. Also, in certain cases, 
thickness measurements were made rather than the equality 
of thickness between calibration and test samples secured. In 
such a small thickncss as 10 mils, this was of necessity somewhat 
inerror. The figures shown in this paper were mostly taken 
during this first series of tests. It 1s believed, however, that the 
shape of the lines of force are substantially accurate, even if 
the spacing between them is only approximate. 

In the second series of tests a rectangle was cut from every 
irregular shaped template after it was tested; and this rectangle 
was used for calibration. Owing to the large number of tests 
made it did not seem desirable to solder the electrodes directly 
to the therlo sheet in order to secure a low contact resistance, 
because, in each sample tested, the electrode was cut to a smaller 
size several times. The following compromise proved to be 
very satisfactory. Thin strips of copper about five mils thick 
were soldered to the test sample accurately adjacent to the line 
on which the potential was desired. This combination was 
clamped between the heavy electrodes. The double thickness of 
therlo and copper was easily cut. Not only was the contact 
drop greatly reduced in this way, but the highly conducting 
copper strip served to redistribute the current before it entered 
the therlo test sample. Even when the current entered the 
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therlo sheet more in some places than in others, the voltage 
setting along the desired equipotential line hardly varied at all. 
This was in marked contrast to the first series of tests. In this 
way not only was the difficulty of contact resistance overcome, 
but in such a manner that the work was rapidly clamped, mea- 
sured, unclamped, cut to a new size, and occasionally resoldered. 

A few irregular test pieces were measured and found to give 
results in complete agreement with the mathematical theory. 
It was believed then that the constant error was eliminated. 
In one of the last series of tests, it became necessary to solder 
several sheets of therlo together, in order to obtain a template 
of sufficient size. Owing to warping and the presence of oxide 
the seam had to be very wide, and the sample was, therefore, 


Fic. 5—FLux DISTRIBUTION AROUND AN ELECTRIC MACHINE 


heterogeneous. As a consequence some constant error in these 
tests is to be expected. Fig. 25 shows the arrangement in this 
case, together with the method adopted in laying out an irregular 
template and trimming it to size. 

Figure (5) shows roughly the general character of the lines 
of force around a multipolar electric machine. It is apparent 
that the lines of force are not parallel to any one plane except 
perhaps in the air-gap. Nevertheless the sketch suggests vari- 
ous irregular two dimensional fields, which are at least approxi- 
mations to the actual field. In Fig. 6 is shown the various sub- 
divisions of the field of an electric machine, which result from 
imagining the lines of force guided by certain surfaces. At 
the right is shown the best assumptions as made at present, 
while at the left is shown another method, which will be shown: 
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in a later paragraph to be more accurate. It will be noted that 
the assumptions made in the figure at the left reduce the various 
sections of the field to two-dimensional flux distributions, suit- 
able for treatment by the methods outlined. Another point 
of interest is that the figure at the’ right shows some obvious 
sources of error; namely, in two places two kinds of flux are 
supposed to occupy the same space at the same time, and also 
the field is the more cramped of the two. In the experimental 
work the shapes of the irregular maynetic fields shown in Fig. 6 
at the left were systematically taken up and studied. In ad- 
dition a few extra topics of some interest suggested themselves 
as the work progressed and were investigated. 

The effect of the slots and teeth upon the value of the air- 


Fic. 6—SUBDIVISIONS OF THE FIELD OF AN ELECTRIC MACHINE 


1 —Pole tip fringe 6— Pole shoc flank fringe 
2—Pole tip leakage fringe 7—Armature core 
3—Pole side leakage 8— Pole core 

4—Pole flank leakage 9—Pole yoke 

5—Pole shoe flank leakage 10—Pole shoe and poletip 


gap reluctance, has been partially investigated bv F. W. Carter 
and reported in the Electrical World.. Не assumed infinitely 
deep slots, and infinitely wide tceth, and neglected the effect 
of the notches cut to receive the wedges. These factors are 
reported on here. 

In Figs. 7 and 8 is shown the flux distribution in the air-gap 
of a slotted armature. The sample of sheet metal for testing 
was cut in the form shown by the letters a, b, c, d, e, f, the elec- 
trode being soldered to the strip at the lines ab and de. When 
the current was passed through the strip, the curved lines of 
force were traced out by the pantagraph as shown. Тһе mea- 
sured resistance gave the permeance of the flux from the tooth 


65. Loc. cit. 
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ends and that in the tooth fringe combined. Since this com- 
bined permeance depends upon the tooth width, 2x, we usually 
desire to find the excess or fringe of this permeance. That is, 
the fringe permeance is the amount that the total permeances 
in excess of that which might be expected to pass from the ends 
of the teeth, under the assumption that the lines of force were 
all radial. In Fig. 7 the permeance of the fringe is calculated 
from experimental values by the formula, 


Р, = — ж (15) 


Неге (V.—V,)/K is the total measured permeance, and 2x/g is 
the apparent permeance directly between the teeth and the pole 
surface. 

In Figs. 7 and 8, g represents the air-gap, S the slot width, 


Fic. 7--Тоотн FRINGE FLUX FOR Fic. 8-- Тоотн FRINGE FLUX FOR 
SMALL AIR GAP LARGE AIR GAP 


D the slot depth, 0 the angle between the tooth side and end. 
In general the symbols used will be clear by a reference to the 
figure. The dotted lines labeled a, b and c represent three 
shapes of notches cut to receive the slot wedg-;. These notches 
in the test pieces were cut to a depth of 20 per cent of the slot 
width on each side. | 

Some of the data together with computations are shown in 
Table 1; the results are plotted in Fig. 9. In addition the effect 
of the depth of the slot, and the inclination of the tooth tip 
were studied and these results plotted іп Figs. 9 and 10. 

It is to be noted, that the effect of the depth of the slots is 
negligbile until the depth is less than the width. Also, it is 
apparent that the presence of a notch has little effect unless 
the tooth tip forms an angle less than 90 deg. Тһе data for 
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the other cases studied were worked up in exactly the same 
way, and will not be included in this paper. 


TABLE 1. 


DATA AND COMPUTATIONS FOR DETERMINING FRINGE PERMEANCE 
FROM TEETH. 
CALIBRATION: 
Meter Ai read 12.0 amperes, Meter Аз read 32 millivolts. 
Drop in one square of calibration sample equaled 19.95 centimeters drop on slide wire. 
Thickness of sample 9.6 mils. 


TEST DATA AND COMFUTATIONS, 
(1) Effect of shape of armature slot, when Р > S and х = 1. 


Ve- Va 2x S 
V , E Md P Et 
Shape S & а 19 95 7 : 
(a) 10.0 5.0 9.9 44.4 1.71 0.400 1.31 2.0 
(b) 10.0 5.0 9.7 45.5 1.79 0.4 1.39 2 
(c) 10.0 5.0 9.7 45.7 1.80 0.4 1.40 2 
(d) 10.0 5.0 9.6 45.7 ].805 0.4 1.405 2 
(a) 7.0 1.0 12.2 105.8 4.69 2.0 2.09 7.0 
(b) 7.0 1.0 12.6 110.5 4.90 2.0 2.90 7 
(с) 7.0 1.0 13.1 111.3 4.93 2.0 2.92 7 
(4) 7.0 1.0 13.8 112.2 4.93 2.0 2.93 7 


NOTE: Shapes а, b and с refer to the shapes of the tooth-tip shown in Figs. 7 and 8. 
Shape d is rectangular pole tips without any notch cut for the slot wedge. 


The curve in Fig. 9 for infinitely narrow teeth, and in Fig. 10 
for various depths of slots, were obtained mathematically and 
and not experimentally. It is interesting to note that whether 
the teeth are infinitely wide or infinitely narrow the fringe per- 
meance is nearly the same. Experimental results for moderately 
wide teeth agreed more closely to the curve for infinitely wide 
teeth. | 

The practical effect of the slots is to increase the air-gap 
reluctance, or to decrease its permeance. We may think of 
the effective area of the flux as decreased, and the ratio of this 
decrease as the air-gap factor Kg. 

The effective area is very readily computed from the cu ves 
of permeance in Figs. 9 and 10, by multiplying the permeance 
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P, by the air gap “g” to get the amount to be added to the width 
of each tooth for fringing. Analytically the tooth fringe At is 
= Py £ (16) 


On the other hand we mav think of the average length of 
the lines of force in the air-gap as increased in the ratio Kg. 


LI ЕИ ИНЕ ЖЕН 
Жаман Жш КЕНІН 


s/g 
Fic.9—FRINGE PERMEANCE FROM SIDES OF TEETH ТО жасаныз 


(DEEP SLOTS) | 
1. Infinitely wide teeth. 2. Infinitely narrow teeth. 


This point of view is perhaps the most helpful when the air-gap 
is long, for two reasons. In the first place with a long air-gap 
the ratio of S/gis small and Figs. 9 and 10 аге inaccurate. Inthe 
second place, a theoretical investigation showed that the width 


of the tooth had an important effect in this case while . 


the size of the air-gap was unimportant. The results of this 
66 For example see Karapetoff “ Magnetic Circuit’’ Chap. 5, p. 93. 
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investigation are shown in Fig. 11. "The excess length to be 
added to the air-gap 15 obtained by taking the reluctance R from 
the curve and multiplying it by the tooth pitch, А. Analytically 
the excess air-gap with Aa is, 

A a= R, А (17) 


That the width of the tecth has an important effect upon the 
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Fic. 10--Енімсе PERMEANCE FROM SIDES OF TEETH TO ARMATURE, 
FOR Т/С = O 


о 


air-gap reluctance for long air-gaps, 1s seen by comparing with 
the approximate curve also shown in Fig. 11. This approxi- 
mate curve was calculated from the formula for Figure 9, curve 
2, for a small ratio of S/g. 

The case of the air-gap of an induction motor is one that 
proved too difficult for the writer’s power of analysis. How- 
ever, it is a case that might well be studied from the experi- 
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mental side. It has been partly solved by, F. W. Carter," ina 
footnote of an article on Magnetic Centering of Electrical Ma- 
chinery. 
The various approximate formulas for air-gap factor are 
now of little interest, a short bibliography, however is given.® 
Because of desired economy of space a detailed description 
of each experiment will not be given. In each case the shape of 
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Fic. 11— Excess RELUCTANCE OF ALR-GAP FOR EXTRA LONG AIR-GAPS 


the template cut for testing can be seen by referring to the figure 
giving the shape of the lines of force. The portion outlined by 
the letters a, b, c, d, e, f in cach case gives the shape of the test 

67. Proc. Inst. Civil. Eng. Vol. 187, (1912), p. 311. 

68. Guilbert, Ind. P Vol. 9, (1900), pp. 377-379. Muller, 
E. T. Z., Vol. 1906, Vol. 27, p. 1103. Wall, Inst. Elec. Eng. Jour., 
Vol. 40, pp. 550-568. Baillie, Electrician (London), Vol. 62, (1909), 
p. 494. Rezelman, Lumiere Electrique, Vol. 11, (1910), p. 202. 
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piece, the electrodes being soldered to the lines ab and de. 
In each case data was taken in a form similar to Table 1, and 
the permeance calculated in the same manner. In all cases the 
curves of permeance were calculated by means of the mathemat- 
ical method as well as the experimental method, and in all 
cases the results were found to agree very closely. Any special 
features differing from the above are specially mentioned. 


Fic. 12—SHAPE or РогЕ-ТІР Fic. 183—SHAPE OF POLE-TIP 
FRINGING FLUX FRINGING FLUX 


The magnetic ficld in the interpolar regions of a dynamo iS 
shown in Figs. 12, 13, 14, and 15. The flux which leaves the 
pole b с d is composed of two parts. The one which passes to 
the armature directly between a and f is the useful flux, while 
the rest between f and e passes directly from pole to pole and 15 
leakage. Just as the useful flux may be divided into the air- 
gap flux, and the pole tip fringe, so the leakage flux may be 


Fic. 14—SHAPE OF  PoLE-TIP Fic. 15—SHAPE OF POLE-TIP 
FRINGING FLUX FRINGING FLUX, PROJECTING 
PoLE-Tips . 


divided into the pole side leakage (calculated) as if passing di- 
rectly from one pole to the other) and the reainder which 
may be called the pole tip leakage flux. The pole tip fringe 
may be calculated from the experimental data by the formula, 


Py = (Vy — V.)/K — (x/A) (18) 
The pole tip leakage fringe may likewise be calculated by the 


formula, | 
Py = (V, — Vp/K — (у/ В) (19) 
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Here Va, Vy, and V, are the slide wire readings at the points 
a, f and e as shown in the figures, and K is the calibration con- 
stant. | . 

The values of the pole-tip fringe регтсапсе are plotted in 
Figs. 16 and 17 and that of the pole-tip leakage permeance in 
Fig. 18. It is interesting to note that the curves for polc-tip 
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Fic. 16 —PERMEANCE OF FRINGE FLUX FROM POLE-TIPS ТО ARMATURE 


fringe, are similar in shape to those for tooth-tip fringe as in 
Fig. 9 except for a constant difference of 0.88: this is easily 
proved by the mathematical method given above. Ап approxi- 
mate curve used frequently at present is that of Hawkins and 
Wrightman® given at top of Fig. 16. Тһе effect of pole tip 
fringing is practically to increase the pole face width W by an 


69. Inst. Elec. Eng. Jour., Vol. 29, pp. 436. 
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amount A W іп all, or опе halfzthat amount at each pole tip. 
This fringe is obtained from curves in Figs. 16 and 17 by mul- 
tiplving the ordinates by the air-gap g. Analytically, 

AW = Pyg (20) 


The occasional negative value for the pole tip leakage in | 
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Fig. 18 really indicates that the pole tip fringing encroaches 
so far on the pole tip that the leakage flux is actually decreased 
thereby. Thus the error which is committed in Fig. 6 at the 
right, in assuming two different fluxes in the same place, is 
rendered plain. The amount to be added to the length of each 
pole to allow for this pole tip leakage is obtained by multiplying 
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the ordinate of Fig. 18 by K, the distance between the pole 
cores nearest to the air-gap. Or, expressed analytically, 


AH = PyK (21) 


By referring to Fig. 5 it will be seen that some of the leakage 
flux passes directly from the pole-core to the pole к This 
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Fic. 18—ErFECT OF ARMATURE UPON POLE SIDE LEAKAGE ТЕЕ 


path is shorter than that assumed from the pole core to the neu- 
tral plane. As a consequence the permeance of the leakage 
flux is somewhat increased. Study of a field of flux some- 
what similar by the method of complex quantitics has indi- 
cated that this effect can be allowed for by adding to the 
length of the pole a fringe A H, which is approximately, 


AH = 0.3 A%/H (22) 
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Here А is the half distance between the poles, and Н is the length 
of the poles. 

The distribution of leakage flux between circular poles of a 
multipolar machine is given in Fig. 19. The dotted lines give 


Fic. 19—LEAKAGE FLUX Dis- Fic. 20—LEAKAGE FLUX ВЕ- 


TRIBUTION BETWEEN ROUND TWEEN SMALL RECTANGULAR 
POLES POLES 


the best previous assumption, that of Dr. R. Pohl’? which 
consists in imagining the lines of force to be involutes and straight 
lines. The cramped character of this assumption is readily seen. 
In Figs. 20 and 21 is shown the distribution between rectangular 
poles, and the dotted line ap- 
proximation which is due to 
Prof. Forbes?! This assump- 
tion also cramps the field 
considerably. 


ag елен 


Fic. 21—LEAKAGE FLUX BE- Fic. 22—-EFFEcT oF LEAKAGE 
TWEEN LARGE RECTANGULAR UPON FLUX AND M. M. F. IN 
POLES PoLE-CORES 


The effect of leakage upon pole saturation 1s shown graphically 
in Fig. 22. The free m.m.f. between the poles and the 
flux density in the interpolar regions, is shown at the left. 

70. Jour. Inst. Elec. Eng., Jan. 1, 1914, Vol. 52, p. 120. 


71. Jour. Soc. Teleg. Eng. and Elec., Vol. 15, (1886), p. 551. See 
also Hawkins and Wallace, “ The Dynamo”, 3rd. Ed. p. 437. 
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Methods allowing for this effect are well known” and consist 
of counting only one-half of this leakage permeance as effective. 
The variation of the flux and ampere-turns in the pole core are 
shown at the right. both varving greatly. At present it is as- 
sumed that all the leakage enters at the pole tips; or, what is 
the same thing, the maximum value of amperc-turns in the 
pole-core is taken throughout its entire length. It would be 
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Fic. 23—LEAKAGE PERMEANCE FROM ROUND POLES TO NEUTRAL PLANE 
l— Exact solution 2—Approximate solution 


better to assume the leakage flux to enter the core at some point 
nearer the pole-yoke, say one-half way up. The exact location 
could be determined by a graphical integration similar to that 
given Бу W. B. Hird? for the case of the reluctance of tapered 
and saturated armature teeth. 

72. Hawkins and Wallace “ The Dynamo”, 3rd. Ed., p. 441. Pohl. 
Jour. Inst. Elec. Eng., Loc. cit. 

13. Jour. Inst. Elec. Eng. Vol. 29, p. 939. 
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The values of the leakage permeance from round poles to the 
neutral plane is plotted in Fig. 23 together with that calculated 
from Pohl’s formula. The flux which leaves rectangular poles, 
as in Fig. 21, between the points b c d may be considered as 
divided into two parts. Тһе first is that which would pass 


o 
со 
o 
о 
бом 
o 


NE 
BONNER 
š 


XX 


ENEMNBRNEENERE 
МАТЕЛ 


СЕ 


"ЖЕНИШ ИШИ 


roe NENNEN 


Fic. 24—LEAKAGE PERMEANCE FROM RECTANGULAR POLES TO NEUTRAL 
PLANE, IN EXCESS OF THAT BETWEEN THE POLES 
(1) and (2) exact solutions— (3) approximate solution 


directly between the poles if the lines of force were straight; 
this is the pole face leakage. Тһе remainder is fringe of the 
leakage flux, or what is called elsewhere the pole flank leakage. 
The formula for computing this leakage from the data is similar 
to equations (15), (18) and (19), and will not be given here. 
The result is plotted in Fig. 24, together with the customary ap- 
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proximate formula. In order to compute the leakage we 
multiply the ordinate taken from Fig. 24 by H the length of 
the poles increased AH for fringing at the roots, but not at the 
tip. .It is to be noted that, except for very short machines 
axially, the upper of the two curves in Fig. 24 is the nearer 
the truth. Іп all cases the experimental data agreed closely 
with the upper curve. 

The template used for determining the pole shoe flank per- 
meance is shown in Fig. 25. This figure shows the method 
of trimming so as to get a number of different proportions with 
one sample. In Fig. 26 is shown the flux distribution; this 


Fic. 25— METHODS ОЕ MARK- Fıc.26— DISTRIBUTION OF FLUX 
ING AND CUTTING TEMPLATES OF IN THE FRINGE FROM THE POLE- 
SHEET METAL TO SIZE, SO AS TO FLANKS TO THE ARMATURE—DE- 
EcoNoMI; E MATERIAL TERMINED GRAPHICALLY 


corresponds to the right hand part of Fig. 5, the line d e being 
an assumed flux line. This figure was obtained graphically by 
the method of L. F. Richardson, given above. Lines 2, 4, and 
6, and 9, 11, 13 ctc. were drawn first. Then lines 1, 3, 5, 5, 
8, 10, 12 etc. were drawn to test the accuracy of the preceding 
lines. For instance in the square 4, 6, s, и the line p r was 
compared with the line s ¢ for equality. Considerable readjust- 
ment was necessary, and the reader will no doubt note improve- 
ments. 

The flux leaving the pole in Fig. 26 between the points b c d 
тау be divided in the usual мау into air-gap flux, and the 
fringe flux. The formula for computing this from the data is 
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similar to equations (15), (18) and (19). In this way the 
permeance in Figs. 27 and 28 were computed and plotted. It 
will be seen that this permeance depends on both the ratio of 
f to g and of h їо р. This permeance, it is to be noted, is the 
combined pole shoe flank flux, both useful and leakage flux; 
and includes flux on both ends. 


Fic. 27—PERMEANCE OF FRINGE FLUX FROM POLE-FLANKS TO ARMATURE 
SURFACE—FOR AN OVERHANGING ARMATURE. 7.6. LONGER THAN POLES 


It will be noted that the point v on line of flux No. 9 in Fig. 
26, is also on the dotted line which is the projection of the arm- 
ature coils. Thus the point v may be regarded as the trace of 
the armature coils. The flux between the line 9 v f and the arm- 
ature links with the armature coils, and is useful. The flux 
between the line of 9 v f and the line d e is really leakage flux. 
Readings of the slide wire setting V, were taken at various points 
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shown on the dotted lines in Figs. 25 and 26, located at a dis- 
tance 2 from the armature corner. The fraction of the total 
pole shoe flank flux that is useful was calculated by the formula, 


P, | (V, - Va)/K — (x/g) 
P | (Ve — Va)/K — (x/g) 


(23) 


REDAN 


ж 

Ж 

E 

в 
БЛАШЫ 
NN TK 


ИЕМЕН 
ARLE 
ERE 


PESTERA 
КЕБМЕЖЕЖЕЛЕ 


N 
e 


f/g 
Fic. 28—PERMEANCE OF FRINGE FLUX FROM POLE FLANKS TO ARMATURE 
—For OVERHANGING FIELD POLES 


This fraction was computed and plotted in Fig. 29. While 
this fraction theoretically should be a function of three variables, 
it was found it did not depend much upon the ratio of f to g. 
This rather fortunate coincidence permitted the results to be 
plotted in a single set of curves. Гір. 29 was not checked 
theoretically. 
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It is to be noted that the line d e is an assumed flux line. 
There is no natural boundary between the leakage lines and the 
fringe lines, and hence the point d has to be assumed in a some- 
what arbitrary manner. Several rough trials have convinced 
the writer that the best location for the potnt d 15 at the junction 
of the pole shoe with the core, or at onc quarter to one third 
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Between these limits lie 
j the values for negative values 
of h. i. e. overhanging poles. 
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Fic. 29—CHART SHOWING THE PERCENTAGE ОЕ THE POLE-FLANK FRINGE 
THAT IS USEFUL, FOR VARIOUS LOCATION OF THE ARMATURE COILS 


of the width of the pole waist from the armature. Rough as 
this method is, it is hoped that it will be useful; a more accurate 
assumption is discussed in a later paragraph. 

In order to use Figs. 26, 27 and 28 we first estimate the width 
f of the pole shoe flux by the method of the preceding paragraph. 
From the working drawing of the machine we compute the 
ratios h/g and f/g, and from either Fig. 27 or Fig. 28 obtain the 
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flank permeance. This we divide in two parts by means of 
Fig. 29, into the pole shoe flank fringe Р, and leakage, P y. 
Тһе effect of the fringe is to add to the effective axial length of 
the air gap by anamount A L which is given by the equation, 
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Fic. 30--СНАЕТ FOR DETERMINING WipTH or PoLE FLANK FRINGE 


The effect of the leakage fringe is to add to the leakage perme- 
ance by an amount, 


P=Py(W+ AW), (25) 


where W + AW is the corrected width of the pole shoe next 
the armature. 

The principle of “ maximum effect " can be applied to the 
results given in Figs. 27 and 28, enabling one to pick out the 
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most favorable value of the width of the pole shoe flank flux, f. 
This principle states that of two possible assumptions as to 
flux, that is nearer the truth which is the larger. Fig. 30 is the 
result of an attempt to apply this principle to the problem. For 
а maximum total permeance, the derivative of the pole shoe flank 
permeance with respect to f should be equal to that of the 
leakage permeance, taken with the minus sign. In symbols, 


(26) 


where P is given by Figs. 27 and 28, and Р; 15 the leakage fringe 
or pole flank leakage given bv Fig. 24 for a definite pole waist 
width W. We may solve the above formula for the derivative, 
and by referring to Fig. 30 where this 
quantity 15 plotted, we can pick out the 
proper value of f/g at once. | 

The results given in Figs. 27-30 are 
somewhat complicated, and good service 
could be done by inventing an empirical 
formula which would fit the results fairly 
closely. The only previous attempt to 
deal with the matter adequately is an 
article by M. Legros?* whose formulas аге 
too complicated to give here. 

The flux distribution between the poles of an interpolar 
machine (as produced by the m.m.f. upon thc main poles) 
is shown in Fig. 3l. There is a fringe of permeance over that 
computed on the assumption of straight lines of force between 
the poles. This permeance is computed from the data in the 
usual manner and plotted in Fig. 32. Тһе permeance is that in 
excess of computed permeance, up to the neutral plane only, 
for both ends of the interpoles and for two interpoles. 

The leakage flux distribution inside a slot is shown in Figs. 
33 and 34. Тһе template cut in this case is similar to that cut 
for the preceding case. Both cases are similar to an electrical 
problem solved bv С.Н. Lees. The fringe permeance is defined 
in the usual way as the excess of the total permeance over that 
computed between the parallel parts of the slot. Тһе formula 
for computing the fringe of permcance is from the experimental 

74. Eclairage Electrique, Vol. 30, p. 437; Vol. 51, p. 12. 

75. Phi. Mag. Loc. cit. 


Fic. 31—FLux Dis- 
TRIBUTION BETWEEN 
MAIN ANDINTER-POLES 
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data in similar to those previously mentioned. The permeance 
as plotted in Fig. 35 is that for the whole slot, per centimeter of 
axial length. Various approximate formulae have been pro- 
posed? most of which are based upon assuming the lines across 
the slot to be straight. These formulas are compared with the 
correct formula in Fig. 36 for the tooth tip angle of 45 deg. 
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Fic. 32—FRINGE OF LEAKAGE PERMEANCE FROM MAIN ТО INTERPOLES 


All of these formulas give null result when the pole tip angle 
is zero, and hence are in considerable error. 

In Fig. 37 we have the field of flux produced by опе armature 
coil embedded in nearly closed slots. At a distance x = n А 
from the first coil there is a second coil with a line of flux entering 

76. E. Arnold, Wechselstromtechnik, Vol. 4, Ist Ed., p. 44. С.А. 
Adams, A. I. E. E. TRANs., Vol. 24, (1905), p. 335. J. Rezelman, Lu- 
miere Electrique, Vol. 10, (1910), p. 293. 
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Fic. 33— DISTRIBUTION OF Fic. 34— DISTRIBUTION OF 
LEAKAGE FLUX IN TUN CLOSED LEAKAGE FLUX IN SEMI-CLOSED 
SLOTS SLOTS 
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Fic. 35—PERMEANCE OF INTERNAL M ое SLOT LEAKAGE FLUX 
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the center of its slot. The flux inside this line links with only 
one coil but that between this line and the centcr of the pole 
is flux of mutual induction. The permeance of this flux of 
mutual induction was evaluated thcorctically by applying the 
method outlined in the historical section and is plotted in Fig. 39. 

The flux of self-induction is the whole flux up to the mouth 
of the slot. In Fig. 38 is shown a detail of the armature lcakage 
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Fic. 36—CoMPARiISON OF VARIOUS FORMULAE FOR SLOT LEAKAGE 


‚ flux near the slot opening. It will be observed that close to 
the slot the lines of flux change gradually from a semi-circular 
form to straight lines. "The fringe of the flux of self-induction 
outside of the slot 1s defined in the usual way as the excess over 
what would pass inside the slot opening, were the lines of force 
straight. Тһе permeance of the flux was calculated and plotted 
in Fig. 39 against x which is half of the slot opening, namely 
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(5/2). The result is correct only provided the slot width is 
small as compared to the pole pitch. | 

In Fig. 39 is also plotted Arnold's? formula for self and 
mutual induction. This formula is based upon the assumption 
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Fic. 37—LEAKAGE FLUX DISTRIBUTION DUE TO A 
CONCENTRATED ARAMATURE WINDING 


that the leakage lines are arcs of circles and straight lines. His 
results are in error theorctically, in that he integrates over the 
whole pole pitch. This error is corrected in the second edition. 

rs Fig. 39 can be used to deter- 
mine self and mutual induction 
for the flux outside the slots, 
provided the field poles are re- 
moved from the armature. 
This is the case when the re- 
actance of an alternator is de- 
termined from | experiment. 
However, 1t is another question 
whether the reactance so de- 
termined has much relation to that of the machine completely 
assembled. No correction should be made for the curvature of 


77. Wechselstromtechnik, 1st Ed. Vol. 4, (1904), p. 44. See also 
Rezelman, Lumiere Electrique, Vol. 10, p. 259. j 


Fic. 38—LEAKAGE FLux DISTRI- 
BUTION NEAR THE MOUTH OF A SLOT 
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the armature surface, since a short theoretical investigation 
proved that it is not necessary. This is in contradiction to’ 
Arnold's and Rezelman’s recommendation. When there are а 
number of slots per phase and per pole, the application of 
Fig. 39 becomes difficult, and further simplification becomes 
desirable. 
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Fic. 39—PERMEANCE OF ARMATURE LEAKAGE FLUX—FIELD REMOVED 


(1) and (2)— Mutual induction (3) and (4)—-Self induction 
(1) and (4)— Exact Formulas (2) an d (2)—4A rno!d's formulas 
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Тһе leakage flux set up by an armature winding in the 
region outside the slots, links in part with cach slot individually, 
and in part with more than one slot. It is convenient therefore, 
to calculate the inductance due to the leakage flux as if it linked 
with the whole of the group of conductors belonging to one phase 
under one pole. This inductance should include the effect of 
mutual induction between the phases. On the other hand, the 
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leakage flux set up inside the slots is most conveniently calculated 
separately. 

Using Fig. 39, and taking into account the factors mentioned, 
the writer worked out the equivalent leakage permeance of 
the flux. set up in the region outside the slots. It was found 
that, between the hmits of one to twelve slots per phase per 
pole, the equivalent leakage permeance was practically a con- 
stant; providing that a certain amount be added to the leakage 
permeance of the slots, for the flux just outside the slot opening. 
The equivalent leakage (geometric) permeance was found to be 


P4 = 0.725 and 1.19 (27) 


for two and three phase machines respectively. The fringe of 
permeance to be added to that i | 

inside the slots was found and is 
recorded in table 2. "The best pre- 
vious method for computing the 
equivalent leakage permeance was 
that proposed by Schenkel? Ap- 
plying this method the writer 
obtained the values 0.51 and 0.86 
for two-phase and three-phase р, 40 EQuiPOTENTIAL SUR- 
machines respectively. FACES AROUND A SQUARE WIRE 


TABLE 2--Улі.ғгкв OF EXTERNAL FRINGE OF SLOT LEAKAGE PERMEANCE. 


(s/4) = 0.60 0.50 0.40 0.30 0.20 0.15 0.10 0.05 0.025 
APs = -0.20 —0.10 —0.09 +010  -F0.30 +0.40 +0.55 -+0.85 41.200 


In order to use the above results to obtain the inductance per 
phase of a machine, we first add to the fringe of permcance 
belonging to the slot and obtain the total slot permeance Ps. 
Then, if Cs is the number of conductors per slot and Cpp are 
the number of conductors per pole, and per phase, P the 
number of poles, and S the number of slots per phase, апа L 
the effective length of the machine; the inductance of the 
machine, exclusive of that of the end connections, 1s 


L = (Am 10) (SC, Ps L + Р Cop? Peg L) 10-9 (28) 


The electrostatic equipotential surfaces around а = square 
conductor, are shown in Fig. 40. The capacity of a rectangular 


78. Electrotechnik und Maschinenbau, Vol. 6, (Feb. 1901), p. 54. 
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wire of dimensions а and 5 was investigated mathematically 
and found to be given by the following equation. 


т Kol 
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(29) 


where C is the capacity between two wires D cm apart. К, 
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Fic. 1--ГАСТОК FOR DETERMINING CAPACITY OF RECTANGULAR WIRE 


15 the dielectric constant for air, L is the length of the wire in 
cm. and A is a factor plotted in Fig. 41, the perimeter of the 
wire being 2 (a + 6). 

The above cases comprise all those of which the writer is 
prepared to report the permeance. However, the flux distribu- 
tion in the cores of various machines was studied, also that in 
the air-gap of alternators. Owing to saturation, the reluctance 
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as measured by experiment in these cases would not be of great 
value; and for this reason it was not calculated. The reluctance 
of the air gap of alternators was omitted because the assumed 
shape of the pole is not used. 

The flux distribution in the core of a transformer is shown in 
Figs. 42 and 43. While the flux lines could have been obtained 
by soldering electrodes to the broken lines e f m n and gh k I this 
would have been awkward. Ву soldering electrodes to the edges | 
e g and Í n and passing current through the strip, the equipoten- 
tial lines f h and m k were traced out. The L-shaped strip was 
then cut into three lengths e f g h, f h k m, and k І m n. The 
flux lines were then very easily obtained by soldering electrodes 
to the lines g h, h k, k l, e f. f m, and m n, and passing current 
through the three strips in the usual way. Тһе writer is in- 


Fic. 42—FLux DISTRIBUTION Fic. 43—FLux DISTRIBUTION 


IN CORNER OF A TRANSFORMER IN THE CORNER OF А TRANS- 
FORMER 


debted to Mr. Е. М. Shepard, Cornell’ 18, for the experimental 
work involved in this problem. 

The flux within the core of an armature is shown in Fig. 44; 
this was suggested by test results published by Dr. Thornton.?? 
The template has to be laid out with a calculated curve, the 
equation of which is obtained by the theory outlined earlier in 
the paper. "This equation is, 


(x/R) [(x/R)* — 3(y/Ry] = 1 (30) 


This figure was dctermined from experiments and compared with 
the curves published by Dr. Thornton and found to agree com- 
pletely. This work was also performed by Mr. E. M. Shepard. 

The flux distributions shown in Figs. 45, 46 and 47 was 
determined by calculation only, but the excellent agreement 


79. I. E. E. Jour. Loc. cit. 
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between experiment and theory in all other cases indicates that 
thev should be reliable. ! 

The theoretical shape of pole shoe required to give an ab- 
solutely sine wave of voltage in an alternator was calculated by 
the mathematical theory outlined 1n the Historical Section, for 
a two-pole alternator. 'The equation of this pole shoe was, 


(y/R) — [y R/(x* + y?) ] = 0.19 (31) 
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Fic. 45—FLux DISTRIBUTION 
IN A FouR-POLE ARMATURE WITH 
UNIFORM FLUX DENSITY IN THE 
AIR-GAP 


Fic. 44—FrLvx DISTRIBUTION 
IN THE ARMATURE CORE OF A 
SiX-PoLE MACHINE 
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Fic. 47—FLux DISTRIBUTION 
INA Two-PoLE INDUCTION MoroR 


Fic. 46—LEAKAGE FLUX Dis- 
TRIBUTION DuE TO A Two-PoLE 
ALTERNATORARMATUREREMOVED . Fic. 48—POLE-SHOES SHAPED ТО 
FROM ITs FIELD GIVE SINE-WAVE E.M.F. 


A template was cut to this form and the field distribution shown 
in Fig. 48 measured. The flux density distribution on the arm- 
ature corresponding electrically to the volts drop per cm. of 
circumference of the circle, c f, was measured experimentally. 
This drop is plotted in Fig. 49. Тһе experiment was repeated 
with a template shaped like a b c d' e f 1n Fig. 48 with the pole 
piece cut away in a convenient manner. This result also is 
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plotted in Fig. 49. "The first curve is an exact sine wave. The 
shape of the pole in a four-pole machine is similar to that in 
Fig. 48. 

Тһе mathematical theory is rcadily adapted to finding the 
correct pole shape for any shaped wave of flux desired. "The 
application is not difficult as the writer solved a particular case 
of this sort in a short time. 
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Fic. 49—FLux Density DISTRIBUTION UNDER POLES ОЕ ALTERNATOR 
(1) Poles shaped for sine wave (2) Same pole tips cut away at convenient angle 


It is believed that the most convenient way to use the results 
of this paper is by means of the curves shown. One no longer 
uses Frohlich’s equation for saturation of iron, but the magnetiza- 
tion curve itself. It 15 more convenient to use curves of core 
loss than to calculate it from its co-efficients. Likewise a set 
of curves like those in this paper for magnetic circuits of various 
forms, would facilitate magnetic calculations. (Those who pre- 
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fer a formula, however, can use the equations for the curves 
which will be found in an appendix for reference.) 


IV. AccuRAcY OF RESULTS 


The accuracy of the assumptions made in the preceding 
two-dimensional magnetic fields, when used to compute the total 
reluctance of a dynamo is the next topic to discuss. This we 
may do by using a theorem due to Lord Rayleigh.® If in a 
conducting medium we insert thin laminae of perfectly in- 
sulating material, the total resistance of the field will be increased. 
The only exception to this rule is when we place these insulating 
surfaces so as to co-incide with the natural lines of flow, when the 
total resistance is unchanged. When we assume arbitrary flux 
lines, as we do for simplicity when computing the permeance, 
we are in effect imagining the course of the lines of force restrained 
by guiding insulating surfaces. Thus апу formula which is 
derived upon this basis gives too small a permeance. 

Of two different assumptions as to the course of the lines of 
force, the one yielding the larger total permcance, is the most 
nearly correct. The closer the assumed lines of force agree 
with the actual lines of force, the less the error which is made. 
Of two possible constrained distributions, the one subject to 
the most restraint 15 the most in error. 

The results shown in this paper are of necessity too small, 
by the extent that the assumptions made in Fig. 6 do violence 
to the natural course of the lines of force. Where the guiding 
surfaces merely separate one field from another, as the pole 
flank leakage from the pole shoe flank fringe and the pole shoe 
leakage, the error should be very small. Тһе only place where 
the error could be considerable, would be where the surfaces 
assumed prevented the flux from reaching the other side. Thus 
in Fig. 6 the leakage flux is prevented from expanding beyond 
the pole yoke. Lord Rayleigh also gave a method for obtaining 
a superior limit to the permeance, but this was not applied by 
the writcr. 

It will be found, with three apparent exceptions that the results 
shown in this paper are larger than those obtained by any of 
the approximations used hitherto. It may be concluded, 
therefore, that the results here given are closer to the truth. 
The three exceptions are Figs. 16, 36, and 39. In Fig. 16 the 

80. Theory of Sound, Vol. 2, Sect. 305, p. 175. See also V. Karpen, 
Comptes Rendus, Vol. 134, pp. 88-90. 
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approximate curve given by Hawkins and Wrightman is based 
upon an assumption of the lines of force which encroaches upon 
the leakage field. Thus, although the permeance of the flux 
from the pole tip to the armature seems larger than it really is, 
the total permeance will be found to be less. In Fig. 36, curve 
No. 3, for a tooth tip angle of 0 = 45 deg., the approximation 
is larger than the curve here given. It is to be noted, however, 
that this is a purely empirical curve and does not correspond 
to any possible assumption of the lines of force. In Fig. 39 
the formula as given by Arnold has an error in the integration. 
When this integration is performed correctly this apparent 
discrepancy with the principle disappears. 


V. CONCLUSIONS 


Most of the results in this paper are apparent, but they mav 
be briefly summarized. 

(1) In magnetic circuit calculations a considerable portion of 
the magnetic ficld is irregular. 

(2) Many of the methods in vogue for computing the reluc- 
tance of irregular magnetic fields are very inaccurate. | 

(3) Accuracy of an equal order of magnitude is desirable in 
all parts of a given problem. In particular it is believed that 
greater accuracy in leakage flux calculations would be desirable. 

(4) The reluctance of irregular magnetic fields occurring in 
electrical machinery, can be estimated fairly well by studying 
various two-dimensional flux distributions. 

(5) A knowledge of the properties of the functions of complex 
numbers, enables one to compute the reluctance of many two- 
dimensional magnetic fields. 

(6) Particular cases on the reluctance of irregular magnetic 
fields, are easily studied experimentally by the use of templates 
of the proper shape cut from sheets of high resistance metal. 

(7) The entire field around a dynamo electric machine has 
been divided into sections, and the reluctance of each section 
determined to a greater degree of approximation than before. 
Many factors have been shown to have negligible effect, and 
in many cases present methods have been shown to be greatly in 
error. 

(8) А number of other magnetic ficlds have been studied; 
in particular, the field around a square wire, the flux distribution 
in transformer cores, dynamo cores, and the air gap of alterna- 
tors. 
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(9) It is of advantage to use graphical charts of permeance 
rather than empirical formulae. 

(10) There are other cases of interest and value in the re- 
` luctance of irregular magnetic fields vet to be solved. 

The writer wishes to acknowledge obligation to Cornell 
University in furnishing facilities for the experimental work, 
To Professors J. Macmahon, V. Karapetoff, and F. Bedell, 
and to Mr. F. W. Carter for suggestions, and to Mr. E. M. 
Shepard for valuable assistance with the experiments. 


APPENDIX I. 
MATHEMATICAL RESULTS 


The fringe of tooth permeance for wide teeth and deep slots as 
shown in Fig. 9 is 


Te = cot-! (S 2g) + - Ln [1 + (S/2¢)?] (32) 


when the pole tip angle 0 is 90 deg. Тһе symbol Ln indicates 
the natural logarithm. When the pole tip angle is 0 deg., 


1 Va + 1 4 
Ру = — Ln ——— + —nc—— 33 
' T Va-l. oe (Va +1) = 
where the parameter a is determined from the equation, 
= Va 
Seige аа К а (34) 
2g T Ма —1 T (a— 1) 


When the pole tip angle 0 is 45 deg., 


0.75 
VOTI 
ЖҮРҮҮ oar dt (35) 


where the integration is performed graphically and a determined 
from the following equation. 


0 tv1l-# | | (36) 
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For infinitely narrow teeth, we have with a pole tip angle of 
90 deg., 


K (sech 78) 


|S an КТ a | 37 
K (tanh "%) | (87) 


where К is the complete elliptic integral of the first kind tabu- 
lated іп Pierces’ Tables of Integrals page 117. For large values 
of the air gap, and finite width of the teeth, the excess reluct- 
ance of the air gap; plotted in Fig. 11 is 


1 S S 1 S | S 
R= plt E(t) - 5) (1-5) 


When the slots are shallow, and the teeth are infinitely narrow, 
the fringe permeance plotted in Fig. 10 is given by the equation 


K (a) 


Р; = 2 AE (39) 


where a is a parameter which has to be determined, together 
with another parameter b from the following equations. 


5 K (b) 


+ 7 K(Vi-B) = 
-ал/ а-ы 
a ot (Vi. V т) (41) 
d+g К (V1-b°) 


Тһе permeance from the two pole tips of a machine to the 
armature, is less than that from tooth tips of the same shape 
by an amount 

Ln (4) 


Р; = 2 — 


(42) 


Thus the permeance curves іп Fig. 16 аге similar in shape to 
those in Fig. 9, and can be plotted by applying the above cor- 
rection Py to equations (32), (33), and (35). . 
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The permeance from the pole tips of a machine with pro- 


jecting pole tips, as shown in Fig. 15 and plotted in Fig. 17 1s 
given bv the equation ; 


_ 1 y) К. T v) 
Py = + Ln ( 45) T Ong “95 ( 3 (аз) 


where b is а root of the following equation 


А | 2V s (5- 2) ( + 2) овер | 
o E (1 + b) (2g/K) i | 


(44) 


Тһе permeance of the pole tip leakage fringe shown in Fig. 18 
is given by, 


2 9-1 1 4 
Py = тү cot (53) — = "үи (45) 


the parameter 0 being the same as in the previous equation. 
The leakage permeance from round poles to the neutral 
plane as plotted in Fig. 23, is given bv the following equation 


„ Tr 
" | mar + coth 
P, = — 


° RA Stir. 
| coth 5T Ln cot з — cot 9T Ln coth oT ) 
(46) 

The fringe of leakage permeance from both ends of long rcc- 
tangular poles to the neutral plane between the poles of a multi- 
polar machine as plotted in Fig. 24, is 


4 ҮТ Т 4 / T | T 
Py = (+1) (x +1) + t (%-1) 1" (x -1) 
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In machines of very short axial length, the same permeance, 
as plotted in Fig. 24, 15, 
| TK 
K (cos 5r) 


т К (48) 
К ( sin E) 

The total pole shoe flank permeance, to the armature end, 
which is plotted in Figs. 27 and 28 is 


— _ K) | 
P= ку c 


where the two parameters “р” and “с” are determined from 
the equations following, when the armature projects beyond 
the field pole. Note that E is the elliptic integral of the sec- 
ond kind, found in Pierces’ tables pp. 117 and 119. | 


2 E (c, b) 


£ 1. EG0. 
f E (c, 90°) 


(60) 


h _ Е(У1-0) - ёк (V1 - c) 
as E (©) (51) 


When the ficld, however, projects beyond the armature, the 
parameters “0” and “с” are given bv the following equations, 


cos-!b 


/ V/sec? 0 – с? sec 0 40 
THX —-——————P—c Rt 
h vc Vise Е(У1- с) — Ve vi- e K (V1- c) 
(62) 


Jé (1/с) E(c)— (1-0) К (с) (53) 
В мус Е (V1-¢) — e vi-s К (У1-0) ` 


The fringe of permeance from the main poles to the inter- 
poles of a dynamo, which is plotted in Fig. 32, is 


2 1 K— И 
FS En (+) (= - =) 


+= Без. +“ in -1) (54) 
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The permeance of the fringe of flux on the inside of an 


armature slot shown in Figs. 33, 34 and 35 is, , 


~1,,1/fS_s\,1 (S45 Rx) 
Кес. 1л + (5 2) (656) (s: (55) 


when the angle of the tooth tip is 0°: when the angle is 0, 
where 0 is (m/n), we have the equation, 


© Qn 


75 Ln (S/s) + {WERE 


e*—1 


Е м | dx (56) 


The permeance of the armature leakage flux of mutual in- 
duction, outside the slot is plotted in Fig. 39 and is given by 
the equation, 


2 
P= T Ln cot ST | (57) 


where the distance x = "А. The same formula will give the 
sclf-induction provided we take x = (5/2), and add to the 
permeance a constant С. The constant С has a value 0.241 
as given by 


_ 1 Іп (1/4) | 
C= = + ae (58) 


The capacity between wire of rectangular cross section is 
given by equation (20) where the constant K is given by, 


(К/8)-с VI- E (У1-<)--Е(с) -e Vi- K V1- с 
- (1-с°) K(c) (59) 


The constant K and the elliptic function K are not to be 
confused. 

The parameter c may be determined from equation (53) pro- 
viding that we read (b/a) in place of (f-g)/h. 
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APPENDIX II 
METHODS OF COMPUTING RELUCTANCE THEORETICALLY 


The method of determining the reluctance of irregular mag- 
netic fields mathematically is best understood by working out 
two typical cases. The two most representative cases are; 
the fringe permeance from the sides of infinitely narrow teeth, 
as plotted in Fig. 9, and the fringe of leakage permeance from 
rectangular poles, as plotted in Fig. 24. 

If, in Fig. 7, we continue the sides of the teeth across the 
air gap, as is shown by the lines % m and o f, these lines will 
be flux lines. We will convert this conductor by Schwartz' 
theorem into a half plane with straight line boundary, and then 
into а rectangle. The point n corresponds in the £ plane to 
the point £ = —a, m to the point £ = — 1, o to the point t = + 
1, and ф tothe point ¢ = +a. If the slots are of infinite 
depth the point ¢ = œ corresponds to the deepest part of 
the slot. In the W plane, the line n m corresponds to the line 
ф = 0, m o to the line V = 0, o p to the line ф = $4, and 
both "О and Rp іп part to the equipotential line V = М. By 
Schwartz’s theorem we have, 


dt 
2 - [eye 2 (60) 


а! 
”-| E VED 0) 


In equation (60) when 2 passes through infinity, there is a dis- 
continuity of /Ст in the integral and a discontinuity in Z of 
the slot width S. This enables us to determine the constant 
C. Performing this substitution and integrating, equation (60), 
we obtain, 


Z=j2in(t+ VETT) = jÈ cosh (62) 


When, in particular, ¢ 
by substitution 


a, we have that Z = + jg; whence 


а = cosh (=). | (63) 
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The permeance is obtained directly from equation (61), for, 
by definition, the permcance is the ratio of Ọm to M; and these 
quantities are obtained by integrating equation (61) between 
the limits £= - 1 апа і = + 1, and ¿= + 1 and і = +a 
respectively. Thus 


р = Ф" 9 Е К (1/а) 


—— ————————— 
— — — 


See ny 64 
M f'aw K (У1- (1/a))) p 


By substituting the value for a in this last equation, the result 
given in Appendix I, equation (37) is obtained. 

The leakage ficld shown in Fig. 21 can be adapted for mathe- 
matical treatment by drawing the line K-J prolonging the poles 
indefinitely in an axial direction. We will convert this case 
in a similar manner as the preceding, into first an infinite half 
plane, and then into a rectangle in the W plane. The point 
h corresponds to the point t = —- o in the £ plane, c to the 
point ¢ = — а, the point K to t = - 1, J to the point £ = 0, 
and f to£ = + o . In the W plane the line А-С corresponds 
to the line @ = 0, the line СК J to the line V = 0, and the 
line J-f to the line V = + M. By Schwartz's theorem we 


have, : 
М 4- 1 dt 
HERE id 
dl ` 
` Jr Vita (66) 


The constant C in equation (66) and the constant a can both 
be determined from the discontinuitics in the integral when 
t = 0 and when £ = o, in a manner similar to the preceding 
casc. This transformation was given in a different problem 
Бу С.Н. Lees.?! Тһе result is that the constant С = - jT/2T 
and a = (T/K)*. Also, 
== — ———— —— а 2 
2- + iz Ln} М + l vi + (T/K) + t + TIEI 


diia DES 1 Vit YK + (T/K) , T?+K? | 
2T { 2TK ) (67) 
81. Phi. Mag., Loc. cst. 
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If the flux passed directly between the pole K J and the neutral 
plane, the permeance apparently in this region, say between 


the points / = — 1 and £ = - e, a small value, near zero, would 
be 


9 š 
Ра» = GK (20--0 = Z(t =—e)] 


_ 1 4 Т? 1 Т+К 
“т iratis ) š 2 T-K ) 88) 


On the other hand the constant С» is determined from equation 
(66) by the fact that there is a discontinuity in the integral of 
the amount jC, V/(1/a) when t passes through zero, апа W 
changes suddenly by the amount jM. The permeance of the 
leakage flux can be determined from equation (66); namely, 
when t changes from -a to -e, the flux passing is the definite 
integral of equation (66) taken between these limits. Hence 
by substitution and integration 


Р = фе _ (10) (69) 


М е 


The value of the fringe permeance is the excess of the total 
permeance over the apparent permeance. Combining equa- 
tions (68) and (69) and multiplying the permeance by four, 
we get the final result, which is given in Appendix I, equation 
(47). The factor four is to give the fringe permeance from 
all four corners of the pole. | 
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THE PHASE ANGLE OF CURRENT TRANSFORMERS 


BY CHESTER L. DAWES 


ABSTRACT OF PAPER 


A method of testing the phase angle of current transformers 
by comparing readings obtained on a wattmeter whose current 
circuit 15 first connected to receive а part of the primary cur- 
rent (the remainder of the primary current passing in shunt 
through resistance) and then connected to the secondary cir- 
cuit; the potential circuit is supplied from the primary voltage, 
and capacity or inductance is used to give the effect of a low 
power factor in the wattmeter. Corrections are applied for 
the error of phase of the part of the primary current which 
passes through the wattmeter, and separately for the error 
of phase in the primary caused by the fact that the primary 
current is not exactly in phase with the voltage used to supply 
the wattmeter. А second method of connection is suggested 
which avoids the latter correction, and other methods includ- 
ing the use of a three-phase circuit are discussed. Results of 
tests are given, and also check obtained by the use of an a-c. 
potentiometer. The method requires only portable instru- 
ments. 


T OR NEAR unity power factor, the phase difference be- 

tween the primary and secondary currents of a current 
transformer has a negligible effect upon the accuracy of power 
measurements. When the power factor is as low as 0.7, however, 
this phase angle may introduce an appreciable error in such 
measurements. If in addition to the actual reading of the watt- 
meter, the true power and the power factor be known, there are 
sufficient data to determine this phase angle. Methods for 
obtaining and using the data just mentioned, are outlined in this 
paper. Further, it may be noted that by means of ordinary port- 
able instruments, this angle may be measured with sufficient ac- 
curacy for practical work. 

Referring to Fig. 1А, one phase of a three-phase alternator 
supplies current to an ammeter 4}, a bank of lamps, a second 
ammeter Ae, a wattmeter W, and the transformer to be tested, 
all in series. 

In the first part of the measurements the transformer is not 
necessary, and may be either short-circuited or removed alto- 
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gether.. It is usually convenient to have it in circuit. In 
investigating this method a 10:1 portable transformer was used. 
In addition to the lamps in series with the ammeter and watt- 
meter, other lamps are necessary as a load on the generator, to 
insure constancy of its wave form, since later the generator 
load will be increased to the rated primary current of the trans- 
former. If the capacity of the generator is not sufficiently great, 
its wave form may change, due to this increase of load. To pre- 
vent this change the extra lamps are left constantly in circuit. 

To obtain the effect of a low power factor in the wattmeter 
and thus to intensify the effect of the transformer phase-angle, 
either an inductance coil or a condenser is connected in series 
with the potential coil of the wattmeter. It may be desirable 
to take observations first with one and then with the other, as a 
check. So far as the wattmeter is concerned, the condenser has 


the effect of a lagging current in the main circuit, and the induc- 
tance has the effect of a leading current. An air-core inductance 
is desirable, as the third harmonic current required by an iron 
core may introduce an error into the result. Ав an air-core coil 
of sufficient inductance and sufficiently low resistance may not 
" always be available, the potential circuit of an induction type 
instrument is a very convenient substitute. 

A voltmeter Vs. is connected across the potential terminals of 
the wattmeter. This voltmeter and the wattmeter are each rated 
at 75 volts in this particular case, though a lower rating is de- 
sirable. The ammeter A, is not absolutely necessary, but is use- 
ful in adjusting the load of the alternator if this be found desirable. 
Neither is the voltmeter V; absolutely necessary, but in con- 
junction with V, it gives a very convenient check on the fre- 
quency. 
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With the connections shown in Fig. 14 the current indicated by 
Аз is adjusted to a value J;, the desired secondary current of the 
transformer, and the voltage shown by V, is adjusted to some 
convenient value V, (120 volts in these particular tests). 

The wattmeter reading W, will then be, 


Wi; шш Ei 1, COS 0 ‚ (1) 


where 0 is the angle between the voltage V; and the current Ip. 
in the potential circuit of the wattmeter (Fig. 24; 2B). 
Vi = Voltage across lamps (Figs. 14 and 1B) 
E;, E; = Voltage across wattmeter, W, and voltmeter, V2 
I, = Current in 4; and W (Fig. 1А) 
I, = Current in transformer secondary (Fig. 1B) 
= Current in transformer primary (Fig. 1B) 
The ammeter А» and the current coil of the wattmeter are now 


transferred to the secondary of the current transformer, the 
potential circuits remaining undisturbed (see Fig. 1s). The 
transformer primary current 1 is adjusted until A, reads I, the 
same value of current as before. The generator voltage is ad- 
justed until the voltmeter V, gives a reading Е, equal to Е.. 
The primary current is presumably still in phase with Vi, 6 
remains unchanged, the current passing through the wattmeter 
and the potential across its terminals are both the same as before. 
Therefore, any change in the wattmeter reading is apparently due 
to the phase displacement in the transformer. 

Let this angle of phase displacement be В and this last watt- 
meter reading be Wx. Then, 


W, = Е» 1» сов (0 + В) = EL, cos (0 + В) (2) 
— I, usually leads I by the angle В. 
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Under these conditions the positive sign is taken when the 
inductance coil is used, and the negative sign when the con- 
denser is used (See Figs. 24, 2B). Also We will ordinarily 
be less than W, if inductance is used in the wattmeter potential 
circuit, and greater than W, if capacity is used. 

From equations (1) and (2) 


baec cess. ИЛ 
0 = сов"! E (3) 
(0+ В) = соғ! Xr (4) 


from which 8 may be determined. 


It is of course necessary that 0 remain unchanged, hence 
the frequency must be the same in both cases. Тһе ratio 


ua does not change with constant frequency, and hence may be 
used as a check of such constancy. 

The preceding discussion assumes that the currents T, and I 
are in the same phase relation to V;. This is true only when the 
inductance of the ammeter and the wattmeter current coil taken 
together is negligible compared with the resistance of the lamp 
bank. As the angle f is ordinarily much less than one degree, 
a very small inductance in these instruments will cause J, to lag 
behind V; by an angle sufficiently large to introduce a very аррге- 
ciable error in the results. 

In these experiments the ammeter and the wattmeter were of 
the well known P-3 type, having 5-10 ampere scales. The 
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10-ampere scale of the ammeter and the 5-ampere scale of the 
wattmeter were used in every case. 

To determine the magnitude of the error due to their induc- 
tance, each one was measured by a *Drysdale d.c-a.c. potentio- 
meter, and found to be as follows: 


Inductance of ammeter current coil..... 5.5 X10^5 henry 
Inductance of wattmeter current coil....15.85 X10^5 henry 


These inductances together produce a lag angle of 12 minutes 
in the circuit containing these instruments, and as 12 minutes is 
nearly one-half the angle that is being determined, a correction 
must necessarily be made for it. 

Referring to Figs. ЗА and 3B, Г, instead of being in phase with 
Vi,lags by an angle a. 

Therefore, formula (1) must be changed to: 


W, = Е, L cos (0 = a) (5) 


| EE; 


Fic. 3A Fic. 3B 


the negative sign being taken with inductance and the positive 
sign with capacity in the potential circuit of the wattmeter. 

When the ammeter and wattmeter current coils are transferred 
to the transformer secondary, 


W, = Е, І, сов (0 = (9) as before (6) 


The positive sign is used with inductance, and the negative 
sign with capacity in the potential circuit. 

In either case, solving (5) and (6) simultaneously, the value 
of В + а may be found. 

Another error may occur after connection is made to the trans- 
former secondary. Тһе primary current J is assumed in phase 

*See paper “ Measurement of Voltage and Currentgover a Long Arti- 


ficial Power Transmission Line”, by А. E. Kennelly and F. W. Lieber- 
knecht. А.І. E. E. Trans., Vol. XXXI (1912) p. 1131. 
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with the voltage Vi, but this is not exactly true. The current 
taken by the potential circuits of the two instruments, Wand V2, 
is out of phase with V, by the angle 6. Small as this current is, 
it may in virtue of its large phase angle introduce error as great as- 
40 per cent., if the primary current be in the neighborhood of 
25 ampcres. Тһе error will be proportionately smaller with 
larger currents in the transformer primary. This angle will make 
the phase angle В apparently smaller than its actual value when 
inductance is used, and apparently larger when capacity is used. 
The angle В will be the mean of these two values, if the angle 6 
is the same when inductance is used as it is when capacity is used. 
In any event an exact correction can be easily made. 


E, E; 


ЕһЕз 


Fic. 4А Fic. 4B 


V, = Voltageacrosslamps. (See Figs. la and 1B) 

Е,, E, = Voltage across wattmeter W and voltmeter V2. 

I, = Current in As and W. (See Fig. ІА) 

I; = Current in transformer secondary (Fig. 1B) 

I = Current in transformer primary (See Fig. 1B) 

I, = Sum of potential currents in Wand V2. : 

Referring to Figs. 4a and 4B, showing the use of inductance and 

capacity, respectively, 


Wi = E, J; cos (0 + а) (7) 


the псрайуе sign is used with inductance and the positive with 


capacity, | 

№» = Es L; cos (0 — y = B) (8) 

the positive sign is used with inductance and the negative with 
capacity. 
Then, 

W. 
+ a= cos! — 
0 с ЕТ, (9) 


(10) 
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from which B + @ — y сап be determined, if inductance be used, 
and В + а + y if capacity be used. 
The angle y is found as follows: 


sin y = mE (Figs. 4a, 4B) (11) 
I, = (12) 


where @ is the angle between V, and the total current J, in the 
potential circuits of V; and W: 0 maybe determined from formula 
(3) with sufficient accuracy: r is the equivalent parallel resistance 
of the wattmeter and voltmeter potential circuits. 

The correction for y may be obviated by connecting one 
potential lead outside the current transformer, but dummy in- 
struments, having constants equal to those of Аҙ and the current 
coil of Wi, must be substituted іп the current transformer 
secondary іп order to maintain the same impedance drop through 
the transformer. This appears to bea rather doubtful expedient. 

Below are given the results of tests made with a 10:1 portable 


current transformer. 
Inductance (2.36 henrys) 


Meters 
in Vi Е! li "Wi cos (0 — a) 0-a 
Primary- 
120.0 34.25 5.00 87.5 0.5105 59° 18’ 
Meters 
in Vi Es Is Ws cos (6-y+8) 6-;,X8 
Secondary 
120.0 34.25 5.00 86.0 0.502 599 52” 
Bta-—y;y = 34’ 
a = 12’ (From inductance of instruments) 
т = 7 (Formula 11) 
B = 29’ 
Capacity (4.41 ,f)* 
Meters А 
іп Vi Е! li Wi cos (0 +a) 0 +a 
Primary 
120.0 53.2 5.00 116.5 0.4375 649 3” 
Meters 
in Vi Ез 1з Wi cos (0- 8- y) 06-8-у 
Secondary 
120.0 53.2 5.00 120.0 0.4510 639 12° 
Bt+a+t+y = 51' 


а = 12° (From inductance of instruments) 
т = 11° (Formula 11) 
В = 28' 


* xf = microfarads 
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The inductance of the instrument current coils is. not usually 
known, and its determination may require the use of apparatus 
not readily available. ° By using the connection shown in Fig. 5, 
В may be determined without a knowledge of the constants 
of the instrument current coils. 

The potential circuit of the instruments is connected directly ` 
across the lamps in the instrument circuit so that the current 
іп the potential circuit makes an angle 0 rather than an angle 
(0 + a) with the current passing through the lamps. The cur- 
rent in the potential circuit also passes through the current coils 
of the instruments, but knowing its value and phase angle, its 
effect on the meter readings can be readily determined. 

Thus: 


Ip = ы formula (12) 


The resistance of the potential coils is either marked on the 
instruments, or may be easily measured. 
Referring to Fig. 6 a and бв, 


‘cos ò = —— (13) 


I, is the current in the current coil of the wattmeter. Since 
I, is usually small compared with 7i, ó may be found from (18) 
and as a first approximation, may be assumed equal to 0. | 

Then 9, Fig. 64 and бв, 15 given by 


I,sin 0 (14) 


sing = 7 
1 
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Another trial for the value of y may be necessary, but this 
method of trial and error is simpler than solving the figure trigono- 
metrically. 

Vi - Voltage across lamp bank. 
Е,, Es = Voltage across wattmeter W and voltmeter V; 
I; = Current in 4; and W (Fig. 1А) 
I, = Current in transformer secondary (Fig. 6A, 6B) 
I = Current in transformer primary (Fig. 64, 6B) 
I, = Sum of potential currents in Wand V; 

The phase-angle of the transformer may then be determined 

as follows: 


cos д = ar in (3) (15) 
Ha = cos (0 = B — y) = cos (ô + + B — y) (16) 


Es Г, 


Е,,Е, 
Fic. 6A Fic. 6B 


The upper sign is used with inductance and the lower ones with 
capacity in the potential circuit. 

В may be found after having determined “ү by formula (11). 

Below are given the results obtained by the use of this method. 


Inductance (2.53 henrys) 


Meters : 
in Vi Ei li Wi cos ó ô » 5+9 =6 
Primary 
120.0 31.2 5.0 84.0 0.5385 579257 1917 58926” 
Meters 
in Vi Ез Is W; cos (0 + 8— r) 6+B-y 
Secondary 
120.2 | 31.2 5.0 81.0 0.519 58944” 
8-/ = 18’ 
r = 6” formula (11) 
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Capacity (5.35nf) 


Meters . 
in Vi Ei li Wi cos à ó Ф $ + =) 
Primary 
120.0 61.2 5.0 166.0 0.543 5797” 2937 59910” 
Meters ‚ 
їп уа Ез ls Wa cos( 0— 8—7) (0- 8-г) 
Secondary | 
118.0 61.2 5.0 160.0 0.5225 58930” 
B+r = 40’ 
Y = 12’ formula (11) 
B = 28’ 
Capacity (4.41 uf) 
Meters 
in Vi Ei li Wi cos ô ë + 8+ = 0 
Ргітагу 
120.0 53.1 5.0 125.0 0.471 619547 1°51’ 53945” 
Meters 
in Vi Ез 1, Из cos(@- 8—7) (6-8-7) 
Secondary 
119.2 53.1 5.0 120.0 0.453 6394” 
8+y = 41” 
Т = 11 
B = 30’ 


In each of the preceding cases, the low power factor in the 
wattmeter was obtained artificially by connecting either induct- 
ance or capacity in series with its potential circuit. Asa three- 
phase generator is usually available, the low power factor may 
readily be obtained Бу connccting the lamp load and transformer 
across one phase of the generator and taking the potential from 
either of the other two. The potential, if taken from one phase, 
produces the effect of a lagging current, and if taken from the 
other phase produces the effect of a leading current. In either 
case, correction for the angle y is obviated, since no low power 
factor potential circuit current passes through the transformer 
primary. The connections for this method of testing are shown 
in Figs. 7 and 8. 

Extreme care must be exercised when this method is employed, 
as the results are dependent on duplicating the current and 
voltage relations in each of the two tests, first when the ammeter 
and wattimeter are in the primary circuit, and second when they 


f 
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are in the secondary circuit of the current transformer. The 
ammeter, А}, and the voltmeter V, are now absolutely necessary, 
the former to keep the load the same in each case, and the latter 
as a check on the unbalancing of the generator voltages. In 
fact, a third voltmeter connected across the third phase is de- 
sirable to serve as a check on this unbalancing. 


In addition to duplicating the load, the circuit constants should 
remain unchanged in both cases (Figs. 7 and 8). Consequently 
two dummy instruments are employed, an ammeter Аҙ, similar 
to Ae, and a wattmeter И, similar to Wi. When А: and W; аге 
in the primary circuit, these two dummies are connected in the 


а 


secondary circuit of the transformer (Fig. 7). When it is neces- 
sary to change Аз and W, to the transformer secondary, their 
places in the primary are taken by the dummies (Fig. 8). Тһе 
voltmeter V, should have a high ratio of resistance to inductance, 
as a very small lagging current may introduce an appreciable 
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error in the results, equivalent to the error introduced by the 
angle 'y. 

If the generator be so large that its voltages remain balanced 
under the load, power-factors of 50 per cent, either lag or lead 
are obtained. With a 12-kv-a., 120-volt alternator, the writer 
obtained power factors of 61 per cent. and 32 per cent respec- 
tively. | 

The advantages of this method over those stated earlier in the 
paper are that neither inductance nor capacity 15 necessary, no 
correction for the angle y needs to be made, and a slight change 
of frequency does not introduce an appreciable error. On the 
other hand, more carcful adjustment of the load is essential, and 
more instruments are necessary. 

Below are given the results of tests in which this method was 
utilized. 


Current Lagging 


Meters 
in Vi Еа Wi li cos(8 —a) 8-a 
Primary ' 
120.0 140.2 426.0 5.0 0.608 52933! 
Meters 
in Vi Ез Из Із cos( 0 + B) 04-8 
Secondary 
120.0 140.2 420.0 5.0 0.599 53919” 
B+a = 39” 
@ = 12’ (from inductance of instruments) 
В = 27’ 
Current Leading 
Meters 
in Vi Ey Wi li cos( 0 +9) 0+a 
Primary 
120.0 118.8 188.0 5.07 0.3165 71933” 
Meters 
in Vi E: Wi 1з cos(@ B) 0- B 
Secondary 
120.0 118.8 194.4 5.0 0.327 70955” 
В +а = 38’ | 
а = 12’ (from inductance of instruments) 
B = 26’ 


In all these experiments the wave forms of the voltages and 
the currents in the primary and in the secondary of the trans- 
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former, and of the current taken by the potential circuits were 
investigated with an oscillograph, and no radical departure from 
a sine wave was observed. 

These methods of determining phase angle are not advocated 
where a high degree of precision is desired. The results are 
dependent upon the difference of two nearly equal quantities, 
and a slight error in one observation introduces a much greater 
percentage error into their difference. On the other hand, the 
methods involve only portable instruments; ordinary errors in 
the ammeter and voltmeter do not affect the results; and the 
wattmeter reading changes so slightly, that it is a question if 
the instrument need be calibrated. Furthermore the measure- 
ments can be made without introducing additional resistance 
into the transformer secondary. If the adjustments and obser- 


Step Down 
Transformer Std. 0.1 ы, 1. 


Current 
Transformer. Std. 0.01 


Rheostat 


Alternator 


K 601, ° 
Fic. 9 » Wu 


vations are carefully made, the degree of: accuracy obtainable 
is sufficient for most practical purposes. In fact, when power 
corrections for phase displacement are being made, it is not 
necessary to know the angle to a high degree of accuracy. 

To check the results obtained by the previous methods the 
phase angle of the transformer was measured with the Drysdale 
а-с. potentiometer. Тһе diagram of connections is shown in 
Fig. 9. 

The voltages across the resistances oa and ob were first 
measured. Asthe potentiometer necessarily measures their 
phase relations to the voltage Е, it would seem that the 
phase angle could be determined directly from these two read- 
ings. But the smallest division on the angle scale, corresponding 
to one degree, 1s about one millimeter, and hence the measured 
value of the phase angle would depend entirely upon the accuracy 
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of estimating tenths. Consequently, the voltage across the 


-open ends, ab, was also measured. These results are shown 
vectorially in Fig. 10. Solving the triangle of voltages and 
correcting for the lag angle of the stand- 
ard resistances, the angle f is found to be 
28’, which closely checks previous results. 

Incidentally, the ratio of transformation 


49.89 

| 5.008 
In closing the writer wishes to thank Prof. Н. E. Clifford of 
Harvard University, and Prof. F. A. Laws of the Massachusetts 
Institute of Technology for helpful criticisms and suggestions. 


found to be from these data is — 0.962 Fic. 10 
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THE MULTIPLEX COST AND RATE SYSTEM 


BY OTTO B. GOLDMAN 


ABSTRACT OF PAPER 


The author gives the method of determining the cost of ser- 
vice having a variable demand, with special application to elec- 
tric service, because the cost does and must always determine 
the selling price;competition and commissioners can only regulate 
the profit therein contained. Competition is destructive, 
involving an immense amount of unnecessary expenditure and 
lost motion. In order to insure the lowest price to the consumer 
we must have regulation, and monopoly. Тһе author starts 
with the premise that an equipment must earn its cost and 
profits when іп use; certainly it cannot do so when idle. Тһе 
greater the percentage of total time an equipment or part thereof 
stands idle, the more it must earn when іп use, because interest, 
etc. runs continuously. Тһе subject is a big one and of tremen- 
dous import not only to the electric business, but to all business, 
and it has been the center of discussion for many years. It is 
now time to get down to absolute, proofs of every conclusion, 
based upon fundamental facts. 


HE SUBJECT of rates has received much attention of late 
due naturally to its importance, and consequently many 
"Systems" more or less related have been devised. А system is 
simply an attempt to straight-jacket judgment and make it all 
good. It must be correct or it is worse than none, and in order 
to be so, there must appear in the derivations no unbased assump- 
tion, such as are so often found. It must be apparent at once 
that no rate svstem can really be devised until a cost system has 
been obtained. For cost governs price, competition—and 
railroad commissions—only the profit therein contained. The 
multiplex cost system is a mcans of dctermining the cost of a 
variable service such as power service, gas, transportation etc, 
etc. In presenting this, I wish to acknowledge my indebtedness 
to the ability and patience of Mr. F. D. Weber, for valuable 
assistance. We are presenting the following only in its applica- 
tion to electric power service. 
The demand for electric power service varies greatly during 
the day, from a very light night load, a tolerable day load, toan 
excessive peak load. Besides this we have seasonal variations 
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of load. That must mean that part of our equipment is idle or 
only partly used during the day and year. We have here as- 
sumed that an equipment must pay for itself when in use—cer- 
tainly it cannot do so whenidle. As usual, we consider our costs 
as divided into two parts (1) fixed charges, being all costs per- 
taining to an equipment when standing idle and (2) operating 
` costs being all additional costs. It is evident that the first aré 
continuous, the latter intermittent, depending on use. But the 
entire or total fixed charges for the усат must be paid for during 
those hours in the year that the equipment is in use. Thus if 
F are the fixed charges per year of a givencquipment and N 
the number of hours in the year that the equipment is used, then 
Е/ № is the fixed charge cost per hour. This becomes F/24 X 365 
only when the plant is in continuous use. 


DAILY VARIATIONS 


‚ In actual power service, we have primarily to consider the load 
variations during the day. In treating this variation, we con- 
sider the day divided into a number of periods. The greater the 
number of periods the more exact our results may be made but 
the more intricate. Where we have two periods, we have the 
duplex system; where three, the triplex etc. The latter we will 
now treat, calling the three periods the night, day and peak 
periods. Let us call М, the maximum demand during the 
night period, К, the mean demand, and №, the duration. in 
hours of the night period; similarly М» К» and N. for the day 
period and М» Кз and N; for the peak period, where №, + Ne + 
N; = 24. We consider the total number of customers as divided · 
into three classes according to the periods in which they demand 
service, charging cach class with the cost burden that they place 
on the cquipment, excepting as modified by the relation of one 
period to the others. In the above the night customers need an 
equipment of size Mi, the day customers one of size М» and the 
peak customers one of size M3. Since М, « М; < Ms, the 
equipment of size Mı is needed throughout the 24 hours, that of 
size Mo — М, for № + М; hours and that of size Мз — Me for 
N3 hours. For the present we will assume that the conditions 
assumed above are the same for each day of the year. Later we 
will consider seasonal variations. 

Let us call C the cost of equipment per kw. and P the per cent 
of fixed charges, per усаг, so that CP becomes the fixed charge 
cost per kw-year. For the night period size we have M, CP as 
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the total annual fixed charges and since this part of the equipment 
is in use 24 hours per day the fixed charge cost per hour becomes 
M,CP/365 x 24 or M,CP/365 X 24 К, per kw-hr. so that we 
have, for the fixed charge cost per hour 


M CP M CP 


Ad 7 365 x24xK; 365X (N, + N, + №) Ki 


(1) 


During the day period we һахе for the total fixed charge cost per 
hour 


M CP + (M: — Mı) CP 
365 (Ni + Ns + Ns) 365 (No + N3) 


Dividing this by the mean load during this period we get 


СР М, (Ma — M) 


Ка = 365 K. | (Ni + Na+ Na) T (QU М) 


(2) 


which is the fixéd charge cost for this period. During the peak 
period we have for the total cost per hour 


M CP + (M, — M) са (Мз — M3) CP 
365 (Ni + № + N3) 365 (Ne + Мз) — 365 N3 


whence the fixed charge cost per kw-hr. becomes 
Ез = ЄР [ М, 
š 365 KaL (N, + No + М;) 


(Мэ- M) (M =Ma | 
Na 


* (N, + Ns) 


(3) 


If now we call O; the operating cost per hour during the night 
period, О» and Оз those during the day and peak periods respec- 
tively, then our costs (total) per kw-hr. become for the night, 
day and peak respectively. 


_ _CP Mi | OV ] 
Ri = 365 Ki [as алам) | К, 4) 


СР М. (Мә — М) Т] ‚ O. 


Ка = 465 K, (М, + Na + М3) N. + N3 К, 


(5) 
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СР М, (M; za M1) 


Ка = 3655 (N T N, T NƏ ^ (N, T NƏ 


(M3 — М.) Оз 
+ 2 N. ] + Е; (6) 


This is, as stated above, on the basis of continuous use at the 
rates stated throughout the year. 


SEASONAL VARIATIONS 


Taking into consideration the variations of load during the 
year we will usuallv find a comparatively light summer load, a 
medium spring and fall load and a very heavy winterload. That 
means that not only must part of our plant be idle part of each 
day, but that part of our equipment must lie idle often for months 
at a time due to the above mentioned conditions. Again, as 
above, in the daily load variations, the aggregate of those cus- 
tomers causing any special burdens on the equipment must pay 
for the burden they create by their demand. To determine this, 
we procecd as follows. Consider the year as divided into, say, 
three periods, the minimum of D, days duration, the mean of 
D; days duration, and the maximum of D; days duration. As 
above, let use call Mi, М; and Му, the maximum demands for . 
the night, day and peak periods respectively of the first or mini- 
тит period of the year, similarily Kı, Ke, апа Кз, the mean de- 
mands in kw. and N,, Ne, and N;, the lengths in hours of the 
night, day and peak periods, where D; + Ds + Р; = 365. Then 
for this minimum pcriod, the equations (4), (6) and (6) again 
hold. 

For the mean period, let us call 


Мі, М’, and M3’, the maximum demands 

K, Ke’, and Кз’, the mean demands 

Ni, Ns, and N3, the length in hours and 

O”, Оз, and Оз the operating cost per hour of the night, day 
and peak periods respectivelv. "Then during the night period we 
have for the cost per hour 


M CP + Мі — М, 
(Di + Ds + Рз) (Mi + № + Ns) (Da-r Da) (Ni + Ns - Ns) 


TO! 
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whence the cost per kw-hr. is 


rm CP M, fe M) 
i (Ni + No + N3) Ky’ Dı + D: + D; D» + D; 


О,' 
+ Ky (7) 


During the day period, we have for the cost per hour 


M,CP 4 (М,' — М,) CP 
(Di + Ds + рз) (Ni + No + Ns) (Ds + Рз) (NitN2+Ns3) 


(Af, — М,) CP M! — M. СР +0, 
(D, + Da + D3) (No + N3) (Ds + D3) (№ + №) ° 


+ 


whence the cost per kw-hr. becomcs 


В, = CP | 1 М, EE | 
: Кз (Vi + Ne + Мз) Dı + D: + Рз D: +D; 


_— 1 р М-м EB | Оз! | 
P (Na + Ns) L Dit Ds + Ds ш Dit Ds | + K: (8) 


During the peak period, we have for the cost per hour 


M CP + (M. — М,) СР 
(Di + Da + Ds) (Ni + № + №) (Di De + Ds) (Ns Ns) 


(M; — M3) CP (M — M) CP 


i (Dı + Ds + Рз) № + (Ds + Ds) (Nit N: + N) 


(Mx — M3) CP (M;' — Мз) CP 


T TD EDN T (Qu FDAN, TO 
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Dividing this by the mean load, we get 


т т E нек My 
* Ky | (N, + Ns N; (р, + Di + Ds) 


(Ми - SM] e TES M: — М, 
t Dp TNF NI Dı + D: + D: 


+ Mx — М, | 1 M, — М, 
Р, + Рз № L Dı + р, + Р; 


еи Oy к А 
+ Р» + Р» + K;' (9) 


For the maximum period let us call 


Мі”, M>", and M3", the maximum demands 

K", K2”, and Ку” the mean demands 

Ni, №, and Ns, the length in hours and 

O;", Оз” and Оз", the operating costs per hour of the night 
day and peak periods respectively of this maximum period. : 


Then during the night period of this season, we have for the cost 
per hour, 


MCP " My — М, 
(Ni + Na + Мз) (Dit Da + D) (Nit No + Ns) (Ds + Ds) 


Af," — М, " 
PINO NO ДТ Ds S: 


Whence the cost per kw-hr. is 


р" = CP [ M, (Му — Мі) 
! "(Ni + N. + NƏ Ki” (р, + D. + Ds) (D: + Ds) 


M," = M, ] О,” 1 
+ D; K,” ( 0) 
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Similarly we get for the cost per kw-hr. during the dav period, 


СР | 1 М, My - M. 


R: = K; 10N, F N:+} N) LD TD +D T D + D, 


М-М 1+ 1 (М. – M) 
(Ns + N3) L (D. + De + Ds) 


+ 


M.'’— М, Ма” аша | O,” 
(D; + Dà в, TK? 


and for the peak period 


КЕШКІ | 1 М, (Mi! — M) 
° К, CON N:+ Ns (р, + D: + D) ` (D, + D2 
‚М ae 1 А (М, — М, 
WFN (D, + D: + Ds) 
(Мм. — M.) i. - AS ] M; — M; 
TIE DES +, Loe 0: Do 
(M '— Ма), Му ae | | Оз” 
Ж оло ТЫН кс 


For brevity’s sake we аге leaving out for the present, the case 
of more than three periods in the vear and the rather important 
condition where in each of the seasonal periods, the correspond- 
ing periods of the day are different, 1. е. where we have for the 
length of the night, day and peak periods, Ni, Ns and Vs, during 
the minimum period, №,’ Nz’ and Му), during the mean period 
апа Ni", Му” and Лу” during the maximum period. We will 
instead proceed at once to show the application of a concrete 
example under the first case. This application is merely il- 
lustrative. 


APPLICATION OF CASE І 


In computing the cost of power in the following, we have seg- 
regated each factor contributing thereto; 7. e. generation, trans- 
mission, transformation, and distribution. This must be done 
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in every practical example, as it usually happens that we have 
customers taking power directly at the power house, or along the 
transmission linc, who naturally would not be chargeable for 
that part or parts of our entire equipment that is not needed to 
serve them. Let us assume then that we have at the generating 
plant the following conditions: 


4000 kw. maximum demand in the night period 


1 3000 & « “ “ “ а ау “u 
20000 « “ « “ “« peak « 
- 4000 kw. mean demand night period ` 

10000 “ « « day “ 


18000 “ i i peak 3 


7 hours duration of night period 
11 « “ “ dav “ 
6 “ “ « peak “ 


So also cost of generating plant and step up transformers per kw. 
of capacity $150.00, and per cent of fixed charges (annual) 
13 per cent. Then our fixed charges are 


150X13% = $19.50 per kw-year or, 
19.50/365 = $.0534 per kw-day 


Reasonable consideration must be taken of the future, so that 
a growth factor must be allowed, because increases must be made 
in reasonable size units. What a reasonable growth factor is can 
only be determined in each individual case. In any plant under 
consideration, that growth factor actually existing should be 
allowed unless it is apparently unreasonable. Let us assume that 
this growth factor in our case is 20 per cent., then we have for 
our fixed charges $0.06408 per kw-day, which becomes 0.06408/ 
24 or $.00267 per kw-hr. for the night period 

During the day period we have for our cost per hour 


(4000 x %0.00267 + 13000 — 4000) x $0.06408/17 or $44.61 
Тһе mean load being 10000 kw., we get for the fixed charges 
44.61/10000 or $0.004461 per kw-hr. 


During the peak period, we have for the cost per hour 
20000 — 13000 x 0.06408/6 + 9000 x 0. 00377 -- 4000 
x 0.00267 or $119.37 


Since our mean load is 18000 kw. we get for our fixed charges 
119.37/18000 or $0.00663 per kw-hr. 
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If our operating costs are 


$0.00020 for the night period, per kw-hr. 
0.00014 * “ dav & S. “ and . 
0.00011 “ “ peak “ “ “ 


then our total production cost per kw-hr. becomes 


0.0002 + 0.00267 = 0.00287 for the night period 
0.00014 + 0.004461 = 0.004601 for the day period 
0.00011 + 0.00663 0.00674 for the peak period. 


For the transmission line we will assume a cost of 25 cents per 
kw-mile with a fixed charge cost of 15 per cent, and 50 miles of 
transmission to the first substation. Then the fixed charge cost 
per kw-mile-year is 0.25 X 0.15 = 0.0375 and per day is 


0.0375 / 365 = 0.000103 which becomes for the total 50 
miles after allowing for the growth factor as before 
(0.000103 x 50) 1.20 = 0.00618 рег kw-day. 
For the night period then we have 
0.00618/24 = 0.000258 the fixed charge cost per kw-hr. 
During the day period, we have the cost per kw-hr. for the 
added equipment. Тһе added equipment is. 
13000 — 4000 = 9000 kw. whence the cost per hour is 
9000 X 0.000363 = $3.267 + 
4000 x 0.000258 = $1.032 
or a total of $4.299. Whence the fixed charge cost per kw-hr. 15 
4.299 /10000 = $0.0004299 
During the peak period, we have for the added equipment the 
fixed charge cost per kw-hr. of 0.00618/6, or 0.00103. The added 
equipment is 
20000 — 13000 = 7000 kw. whence we have 
7000 х 0.00103 = $7.21 + 
9000 X 0.000363 = 3.267 + 
4000 x 0.000258 = 1.032 or a total of $11.509 
Whence the fixed charge cost per kw-hr. is 
11.509/18000 or $0.0006394 
Taking for the operating costs per kw-hr. the following: 
$0.00002778 during the night. 
0.00001667 during the day and 
0.00001125 during the peak, we get for the total transmis- 
sion costs; per kw-hr.: 
0.000258 . + 0.00002778 or $0.00028578 for the night 
0.00001667 + 0.0004299 or $0.00044657 for the day 
0.00001125 + 0.0006394 or $0.00065065 for the peak period. 
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We now come to the substation No. 1. Suppose here we 
have for maximum demands 


1000 kw. during the night period 
2000 “ 4 4 day “ апа 


4000 “ 4 4 реак “ апа for the mean demand 
900 “ ^ 4 night | | 
1500 “ * « day and, 

3600 “ 4 4 peak period 


The length of each period, being taken as before, while the cost 
or investment per kw. at the substation is taken at $15.00 and 
the per cent of fixed charges per year is taken at 10, then the 
fixed charge cost per kw-year is 15.00 X 10 per cent. or $1.50, 
while the fixed charge cost per kw-day becomes, after allowing 
for growth factor as before 


(1.50/365) 1.20 or $0.00492 
For the night we have for the cost per kw-hr. 
(0.00492/1000)/(24 x 900) or $0.000228 
For the day period we have for the fixed charge cost per hour 
(2000 — 1000) x 0.00492/17 or $0.29 


1000 x 0.000205 or 0.205 or a total of $0.495 :. e. 
0.495/1500 or $0.00033 per kw-hr. 


During the peak period, we have for the fixed charge cost per 
hour, 
(4000 — 2000) x 0.00492/6 or $1.64 


1000 x 0.00029 or $0.29 
1000 x 0.000205 or $0.205 or a total of $2.135 


Whence the cost per kw-hr. becomes 
2.135/3600 or $0.000593 
If our operating costs at the station are 


0.00067 per kw-hr. during the night 
0.000417 per kw-hr. during the day and 
0.00028 рег kw-hr. during the peak period, 


then we have for our total substation costs 


0.00067 + 0.000228 = %0.000898 per kw-hr. night period 
0.000417 4- 0.00033 0.000747 * “ (day period) 
0.00028 + 0.000593 0.000873 “ “ (peak period) 
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Summarizing to substation No. 1, we have: 
during the night period 
Generating cost per kw-hr. is $0.00287 


Transmission * “ 4 4 (50002858 
Substation “ “ 4  * (000898 
Total 0.0040538 


which at 95 per cent efficiency becomes $0. 00416 per kw-hr. 
During the day period, we have 
Generating cost per kw-hr. are $0.0046 
Transmission ^ “ 4 “4 0.004467 
Substation ^ “ 4 “4 0.000747 
Total $0.005793, which at 95 per cent 
efficiency becomes $0.0061 per kw-hr. 
During the peak period, we have 
Generating cost per kw-hr.is $0.00674 
Transmission 4 “ 4 4“ (100065065 
Substation 4 4 * * 0.000873 
Total %0.00826365 
which at 95 per cent efficiency becomes $0.0087 рет kw-hr. 

If the distance from substation No. 1 to substation No. 2 is 
50 miles, that will make our total distance from the generating 
plant to substation No. 2 100 miles, so that, other conditions 
being assumed equal, our transmission costs to substation No. 2 
will be double that to suhstation No. 1 or 

$0.000572 per kw-hr. for the night period 
0.000892 “ С * * day в 
0.0018 * ы * 4 peak È 

At substation No. 2 we have for the maximum demands 

8000 kw. during the night 

11000 kw. during the day and 

16000 kw. during the peak period 

mean demands 

3000 kw. during the night 
8500 kw. during the day and 

14400 kw. during the peak period. 

Investment $11.00 per kw. of capacity 

Fixed charges 10 per cent 

11.00 X 10 per cent = $1.10 fixed charge cost per kw-yr. or 

1.10/365 0.003 per kw-day, which allowing 20 per cent growth 
factor, gives $0.0036 per kw-day total. 
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Whence for the night period we have 
0.0036 /24 or $0.00015 per kw-hr. 
During the day period we have 
(11000 — 3000)  0.0036/17 = 1.69 and 
3000 x 0.00015 = 0.45 
or a total of $2.05, whence 
2.05/8500 2 0.00025 fixed charge per kw-hr. 
During the peak period, we have 


(16000 — 11000) 0.0036/6 - $3.00 
8000 x 0.00021. = $1.69 
3000 x 0.00015 - $0.45 

Total $5.14 


Whence the fixed charge cost per kw-hr. becomes 
5.14/14400 or $0.000357 
If the operating costs are 


0.000263 per kw-hr. during the night 
0.000194 per kw-hr. during the day and 
0.000162 per kw-hr. during the peak 


then our total costs at substation No. 2 per kw-hr. become 


0.000263 + 0.00015 = 0.000413 for the night 
0.000194 + 0.000252 = 0.000446 for the day and 
0.000162 + 0.0003275 = 0.0004895 for the peak period. 
The total costs to and including substation No. 2 then become 
for the night period 


бепегайоп................... 0.00287 


Transmission................. 0.000572 
Substation No.2.............. 0.000413 
Total ocv ka "AUDENT 0.003855 


If the efficiency to and including substation No. 2 1s 90 per cent 
this total becomes 0.004283 for the available power. 
For the day period, 


бепегайоп................... 0.00461 

"EransthlS51OfEo ¿u y lucy ESA 0.000892 
Substation Хо.2.............. 0.000446 
ТОТА ы заемдар iah 0.005948 


which at 90 per cent efficiency again becomes 0.006610. 
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For the peak period, 
Generation............. ree 0.00674 
Transmission................. 0.0013 
Substation No.2.............. 0.0004895 
МӘЛЕ МН ТТТ КЕН 0.00853 


which at 90 per cent efficiency becomes $0.00948 


DISTRIBUTION No. 1 FOR SERVICE FROM SUBSTATION No. 1 


We have now to get the cost of our distribution system per 
kw-hr. Suppose here we have an investment of $100.00 per 
kw. and that the per cent of fixed charges is 12, then is 


100.00 X 12 per cent or $12.00 the fixed charge cost per kw. 
per year, 
or 12.00/365 = 0.33 the fixed charge cost per kw. per day, 


and allowing 20 per cent for growth factor as before, our fixed 
charges per kw. per dav becomes $0.0396. 
For the night then we have 
0.0396/24 = 0.00165 
(0.00165 X 1000) /900 = 0.00183 fixed charge cost per kw- 
hr. 
During the day we have 


(2000 — 1000) x 0.0396/17 = 2.33 

0.00183 x 1000 = 1.83 
ТОГЕ кт к 4.16 

4.16/1500 = $0.002774 per kw-hr. 


During the peak period we have 
(4000 — 2000) (0.0396) /6 = $13.20 


1000 x 0.00233 = 2.33 
1000 x 0.00183 = 1.83 
Богатырь 817.36 


17.36/3600 = $0.00482 per kw-hr. 
Assuming then that the operating costs per kw-hr. are 
0.00049 during the night 


0.00043 *  * day and 
0.00038 4 4 peak period 

then our total costs per kw-hr. become 
0.00049 + 0.00183 = 0.00232 during the night 
0.00043 + 0.002774 = 0.0032 during the day 
0.00038 + 0.00482 0.0052 during the peak period. 


| 
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If the efficiency of our distribution system is 90 per cent, then 
the above become for the total cost per kw-hr. of available power, 


$0.0026 for the night period 
0.00356 for the day period and 
0.00578 for the peak period 


The cost of the power to and including distribution per kw-hr. 
then is 


0.0043 + 0.0026 
0.0061 + 0.00356 
0.00863 + 0.00578 


$0.0069 for the night period 
0.00966 for the day period. 
0.01441 for the peak period. 


DISTRIBUTION No. 2 


From substation No. 2 we have distribution system No. 2. 
Suppose that the investment per kw. of capacity here is $90.00 
and that the per cent of fixed charges is 11, then the fixed charges 
per kw-vear are 90.00 X 11 per cent or $9.90 or $0.0271 per kw- 
day. Allowing again 20 per cent for growth factor, this becomes 
0.0325. 


For the night period then we have 

0.0325/24 = 0.00135 fixed charges per kw-hr. 
For the day period, we have 

(11000 — 3000) x 0.0325/17 $15.20 

3000 X 0.00135............... 4.05 


19.25/8500 = 0.00226 per kw-hr. 
For the peak period we have 
(16000 — 11000) X 0.0325/6 = $27.00 


8000 X 0.0019.............. = 15.20 
3000 x 0.00135............. = 4.05 
ТО е terii %46.25 


46.25/14400 = 0.0029 рег kw-hr. ° 
If the operation costs per kw-hr. are | 
0.000375 during the night 
0.000325 during the day and 
0.0003 during the peak period 
then the total costs for distribution under system No. 2 are, 
0.000375 + 0.00135 = 0.001725 for the night. 
0.000325 + 0.00226 = 0.002585 for the day 
0.0003 + 0.0029 = 0.0032 for the peak period. 


| 
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. At 90 per cent efficiency of our distribution system, these 
become, 


0.001917 for the night 
0.00287 for the day | 
0.003555 for the peak period based on available power. 


The total costs to and including distribution system No. 2 are 


0.004283 + 0.001917 = 0.0062 for the night 
0.00661 - 0.00287 0.00948 for the day 
0.003555 + 0.00948 0.13 forthe peak period. 


THE MULTIPLEX RATE 


Having determined the cost of service, we have now to deter- 
mine the rate. Іп order that a rate be of practical use, it must 
be fairly simple, and in effect such that it redounds to the best 
interest of both the consumers and the power company. Let us 
first take up the matter of simplicity. In applying this rate, 
we add to the previously determined cost of service a certain 
percentage of allowable profit which should depend on the 
efficiency of the system. In order then to apply the multiplex 
rate it seems that a time-wattmeter would be necessary for each 
installation, and this would be impracticable. But this is not 
at all necessary. The vast majority of small power users are 
residential light customers. The time when and the number of 
hours that they demand service, are practically identical one 
with another. А test will show what per cent of thcir load is 
in each period, and knowing this we can at once calculate a flat 
rate per kw-hr., or per lamp, as we choose, based not on guess 
work but on knowledge of the cost of that service and what that 
service consists of. So we can classify and give a flat rate to any 
service, as residential Lghting, commercial, or street lighting 
etc. that allows itself of group classification. In these cases we 
would actually simplify the rate, 2. e. for any given season, al- 
though we would have to vary the rate in each season to Lake 
care of the variation of the cost of service in the different periods 
of the year. In the remaining cases that do not allow of group 
classification, we would have to resort to time-wattmeters or 
agreements restricting usage without special permit. These 
would be mostly the larger power users. 

In giving a rate based on cost of service, we are treating each 
and every customer impartially and are therefor creating a 
feeling of mutuality between the power company and the cus- 
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tomers. That is a valuable asset. Not only that, but a rate 
based on cost automatically tends to discourage the use of 
power at such a time that it would tend to increase the average 
cost. It would tend to encourage the use of power ас such а 
time that the average cóst be reduced 7.6. the demand would 
gravitate as much as physically possible to the time of lowest 
cost. This means that the valleys in the load curve will tend 
to fill up. Growth will Ре along natural, healthy lines, instead 
of artificial. 

In an excellent resume on races, Mr. Stacy Hamilton presented 
before the Northwest Electric Light and Power Association at 
its joint meeting with the Pacific Coast meeting of the A. I. E. E. 
Spokane, Wash., September 9-11, 1914, a paper which not only 
aptly illustrates present day rates but present day incongruities— 
and some ot these unwittingly. He states, for example, “There 
are two general basic theories on which a system of rates may be 
established, 7. e. the cost of service theory, and the value of ser- 
vice theory.” Не says further: “Under the cost of service 
theory we have, at one extreme, the attempt to differentiate in 
proportion to the exact cost to each individual condition of ser- 
vice. This must necessarily result in a schedule so complicated 
as to be entirely impracticable. At the other extreme we have 
a general average or uniform rate to all customers based on the 
general average cost of rendering service to all consumers." As 
a matter of fact there are at present neither rates based on the 
cost of service nor on the value of service. Before we сап һауе а 
rat» based on cost ot service, we must know definitely the cost 
of service; before we can have a rate based on the value of service, 
we must definitely know the value of the service in each individual 
or group case. The value of a service is not what it costs but the 
profit it earns. For example, we may be manufacturing a cer- 
tain article. Suppose that wages incrcase and at the same time 
the sclling price of the article decreases. Then it is evident that 
the cost of the service has incrcased at the same time that the 
value of the service has decreased. So that before we could make 
a rate based on value of service, we would have to know in detail 
our customers business. Such a rate would have to decrease 
in times of business depression and increase in good times. Under 
such a rate the value of service may decrease while the cost of 
service remains stationary or even increases. Such a rate does. 
not exist nor ever will exist, for the reason that the fundamental 
basis of any charge must always be the cost; competition and 
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commissions can only regulate the profits, to which the latter 
may add by way of regulation the proper distribution of the 
costs to individual or group cases. 

Respecting rates based on cost of service, we have said that 
such does not exist, nor can they exist until the cost of service 
. has been determined as is first done in this article. We have 
shown above that the application of a rate based on cost in the 
multiplex form, used with good judgment is not any more com- 
plicated on the average than present rates. Тһе so-called uni- 
form rate is not based on the cost but only on average (annual) 
cost. Such rates cannot be in proportion to costs. Ап assump- 
tion that thev are so would involve errors of over 100 per cent; 
that is absolutely valueless results. Power service 1s a natural 
monopoly, 1. e. this service can be rendered better and cheaper 
under such conditions than under competition. Competition 
then becomes a farce at the expense of the public. But having 
a monopoly, a distinction between “ competitive " and “ non- 
competitive business " becomes discrimination. Present rates 
are based on this, that they must collect enough annually to 
pay for the.cost of service for the year, plus a profit that can be 
collected. With respect to the form of the rate so that a proper 
distribution of the charges may be made, there has been up to 
the present no basis whatever. 

At present, commissions allow power companies annually the 
annual cost of service exclusive of interest on invested moneys 
and a certain return on the invested moneys, usually 8 per cent. 
Inasmuch as the cost of moncy is as definite as the cost of copper 
wire, it would seem to be better to determine the entire cost of 
service and then allow a certain percentage of profit or a com- 
mission for the execution of this service. And this commission 
should be in proportion to the efficiency of the system, the degree 
of wisdom and foresight displayed іп necessary investments, the 
ability displayed 1n the development of business etc.; in other 
words, the quality, price also considered, of the service. Thus 
an efficient. power company should receive a greater return than 
an inefficient one. 

It 15 time to develop in these matters along broad and perma- 
nent lines, and we trust the above will assist 1n some degree in so 
doing. We have had to abbreviate the above greatly, but we 
hope not so much so, as to sacrifice clearness insofar as we have 
carried matters 1n this discussion. ` 
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CLASSIFICATION OF ALTERNATING-CURRENT MOTORS 


BY VAL A. FYNN 


ABSTRACT OF PAPER 


This paper points out that in order to arrive at a rational 
classification of alternating current motors it is necessary to 
base all suggestions on one and the same theory. Тһе author 
thinks that the component field theory is best suited to this 
purpose, and urges that it be always so applied as to bring out the 
very great similarity between the alternating and the well 
understood direct-current machines. 

Descriptive names are suggested for some 44 alternating- 
current motors, including the principal forms of single-phase, 
polyphase, commutator and commutatorless machines now 
known. These names are such as to positively identify each of 
these machines. Тһе rules followed in preparing the diagrams 
illustrating the various forms of motors and in selecting the 
proposed names. are given. Іп order to enable the reader to 
quickly judge of the aptness of these names, the theory of each 
of the motors dealt with is briefly outlined. It is thought that 
the information given will make it easy to correctly represent, 
describe and classify any motor which may have been omitted. 

It is further pointed out that the term '' repulsion ” as applied 
to motors, has never been defined, that no practical motors 
operate on what has been known as the repulsion principle ever 
since 1820, and that there is no justification whatsoever for the 
use of this term in connection with alternating-current motors. 
Such an indefinite term leads merely to endless confusion and 
should be abandoned. If it is not abandoned, it should Бе?річеп 
a rational and definite meaning. 


БНР OPERATION of dynamo electric machines сап always be 

explained in one of two ways; either by considering the re- 
sultant magnetic field, or by dealing with each of the component 
fields separately throughout the investigation. Both methods 
lead to correct results provided each is handled with equal skill 
and accuracy. But it has been my uniform experience that the 
resultant field theory 15 much more difficult to apply to alter- 
nating-current commutator motors, and although the final 
result is as correct as that obtained by what may be termed the 
component field theory, yet the latter gives a very much clearer 
insight into the intermediate stages, and I believe, approximates 
much more closely the actual facts. As an illustration, I may 
state that although I had devoted a number of years to the care- 
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ful study of single-phase motors of all types, yet I was unable 
to make any appreciable progress until, in the 90's, I developed 
a component field theory of these machines, based on the theory 
of the ordinary direct-current motor. I firmly believe that 
students of the present day find themselves in exactly the same 
position, When the so-called “ repulsion motor ” is first brought 
to their attention, they no doubt imagine that they are faced with 
a machine which stands in a class all by 1tself and has no relation 
whatsoever to those with which they are already familiar. The 
component field theorv, based on the theory of the ordinary 
driect-current motor, immediately dispells this illusion and 
- brings home to the student the fact that the so-called repulsion 
motor is nothing but an alternating-current form of the well 
known direct-current series machine. I find that this theory 
makes it possible to positively and readily identify each of the 
many single and polyphase motors with and without commuta- 
tors. An identification based on this theory may, in some 
cases, require quite a number of words, but there can be nothing 
astonishing in this fact if it 1s remembered that a great many 
of the alternating-current commutator motors only differ from 
each other in the matter of detail. Knowing of no rational 
way of more shortly describing such motors except by using 
coined expressions or by sacrificing accuracy and positiveness, 
I base the terminology and classification here proposed on 
the component field theory above referred to. 

In the following I will give the rules which I have followed 
in preparing the appended diagrams and in suggesting names 
for the various motors which they illustrate. I will also give 
a short outline of the manner іп which each of the motors 
operates, thus making it easily possible for the reader to judge 
of the aptness of the suggested designation. 


RULES FOLLOWED IN PREPARING DIAGRAMS AND IN SUGGESTING NAMES 
‚кок THE VARIOUS TYPES OF MOTORS 


1. A commuted winding is represented by a thick circle and is always 
assumed to be a "left-hand" Gramme ring winding. The brushes are 
supposed to rest directly on the winding. commutator and commutator 
connections being dispensed with. Тһе direction of the armature re- 
action flux is indicated by a straight arrow marked R. In the case of a 
“left-hand ” Gramme ring winding the direction of the flow of current 
from brush to brush corresponds with the direction of the armature reac- 
tion flux set up by said current. See Fig. 1. 

2. А distributed stator winding is indicated by a number of concentric 
turns with the same axis as that of the resultant magnetization produced 
by the distributed winding it represents. See winding F of Бір. 2. 
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3. A unicoil stator winding is represented by a number of concentric 

(turns and the legend "'unicoil." When a winding may be either distrib- 

uted or unicoil without materially influencing the operation of the 
machine, the legend '' or unicoil " may be added. 

4. A stator winding adapted to inductively convey working energy 
to the rotor is marked W. 

5. A stator winding adapted to inductively convey working and ex- 
citing energy to the rotor is marked S. 

6. A stator winding adapted to inductively convey exciting energy 
to the rotor is marked Е. 

7. А meutralizing winding is one producing a flux opposed in direction 
to the armature reaction flux. It is usually disposed on the stator and 
is marked N. Í 

8. An exciting winding is one producing or contributing to the produc- 
tion of the motor, or torque producing, field. When located on the stator 
it is marked F. 


Fic. 1—LEFT HAND GRAMME RING WINDING 


9. A compensating winding is one producing a flux or generating an 
e.m.f. used for adjusting the power factor of the machine. When located 
on the stator itis marked С. 

10. Working or armature brushes are shown black, designated by the 
letters ау а2........ ax and so located with respect to the (rotor) winding 
with which they cooperate that current directed through said winding 
by the working brushes. produces nothing but working or armature 
ampere-turns. I 

11. Exciting or field brushes are shown white. designated by the letters 
fi fo.......fn and so located with respect to the (rotor) winding with 
which they cooperate that current directed through said winding by 
the exciting brushes produces nothing but exciting ampere-turns. 

12. Brushes so located with respect to the (rotor) winding with which 
they cooperate that current directed by them produces armature or 
working as well as exciting ampere-turns іп said winding, are shown. 
sectioned and designated by the letters bí ........ by. 

13. A shunt transformer is designated by the letter T. 

14. A series transformer is designated by the letters ST. | 

15. Current directed up through the paper is shown by a circle with 
a dot in its center. 
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16. Current directed down through the paper is shown by a totally 

lled in circle. 

17. The direction of ona of the motor is shown by a curved arrow. 

18. The direction of the working or exciting current through a stator 
winding is indicated by a straight arrow placed alongside said winding. 
In the case of polyphase motors arrows alongside windings belonging 
to different phases, show the direction of the current in said windings at 
a time interval of 180/n degrees, where л 15 the number of phases. 

19. The direction of the motor field produced by a rotor winding 1s indi- 
cated by a straight arrow marked Fr. 

20. The armature or working axis is always placed vertically, the TT 
axis horizontally, іп single-phase motors. 

21. The word commutator may be omitted in describing a motor having 
a commutator, provided no equivalent commutatorless machine is known. 

22. А conduction motor is one in which the energy required by its arma- 
ture. generally the rotor, is conveyed to it by conduction. When nothing 
to the contrary is stated, it will be assumed that the machine spoken of 
15 of the conduction type. 

23. An induction motor is one in which the energy required by its 
armature, generally the rotor, is conveyed to it by induction. 

24. A series molor is one in which the field excitation varies in some 
proportion with the armature current, and the speed of which, therefore. 
varies with varying load. 

25. A shunt motor is one in which the working and exciting e.m.f.’s 
remain practically constant independently of the load. Тһе speed of 
such motors will generally be constant for all loads, but will not neces- 
sarily be a nearly synchronous one. | 

26. A compensated motor is one in which means, other {һап a neutral- 
izing winding, are provided for adjusting UInpFOVIOR) the power factor 
of the machine. 

27. А motor with stator excitation is one in which the motor, or torque- 
producing, field is due to a winding disposed on the stator. When nothing 
to the contrary is stated, it will be assumed that the motor in question 
has stator excitation. 

28. А motor with rotor excitation 15 one in which the motor or tongue: 
producing, field is due to a winding located on the rotor. 

29. A separately-excited motor is one in which the field excitation is de- 
rived from the mains. either directly or through the agency of apparatus 
which is independent of the motor itself, and whether the exciting cur- 
rent is taken to a winding on the rotor or on the stator. When noth- 
ing to the contrary is said, it will be assumed that the motor 25 sepa- 
rately-excited. 

30. A self-excited motor is one in which the exciting current is due to 
an e.m.f. generated in the motor itself by induction. Such ап e.m.f. 
may be generated in the rotor by rotation in a flux, or by static induc- 
tion from the stator, or it may be generated in the stator by static 
induction from the rotor, or from the stator. 

3l. А motor with mixed excitation is one which is separately as well as 
self-excited. 

32. А conduclively-neutralized motor is one іп which the armature re- 
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action flux is neutralized by means of a winding (generally located on 
the stator) connected in series relation with the armature brushes. In 
speaking of such a machine it will be sufficient to refer to it as a neutralized 
motor. 

33. An inductively neutralized motor is one in which the circuit of the 
neutralizing winding is closed independently of the armature brushes 
and is placed in inductive relation to the armature reaction flux. Note 
that an induction motor is ipso facto an inductively neutralized motor. 

34. A motor with tndependent brushes is one in which brushes which are 
not interconnected and not connected to the supply so cooperate with 
the commutator as to each short circuit a number of the coils of the 
commuted winding. 

35. A single-phase motor is one which receives the whole of the working 
energy it requires from only one phase of an alternating-current supply. 
- It may receive its exciting energy from the same or from another phase. 

36. A polyphase motor is one which receives working energy from a 
plurality of phases of an alternating-current supply. 

37. When diagrams represent machines with more than two poles. 
a legend to that effect should appear. 


PROFOSED NAMES AND THEORY OF OPERATION 


MOTORS WITH SERIES CHARACTERISTIC 


Single-Phase Series (Conduction)* Motor. Fig. 2. 

Two co-phasal fluxes, R and F, are set up in this machine. 
The flux R is due to the rotor ampere-turns. The flux F is 
located at 90 electrical degrees to R, and is due to the stator 
ampere-turns F. R performs no useful 
work. F cooperates with all the rotor 
ampere-turns to produce the motor 
torque and is therefore the motor flux 
or field. Energy 15 conveyed to arma- 
or unicoil. ture and field windings conductivelv. 

The back e.m.f. is generated in the 
Fic. oS NG HASE armature conductors by rotation in the 

_ (CONDUCTION) otor field and appears at the brushes 
| а, аз. Тһе machine has a series char- 
acteristic, because the motor field varies in proportion with 
the armature current. The motor field is always practically in 
phase with the armature ampere-turns, and the torque per 
ampere is independent of the power factor. The machine does 
not possess any inherent power-factor-improving qualities; 
in other words, it is not self-compensating. Its power factor 


*Terms included in brackets are not supposed to form part of the pro- 
posed name and are added mercly for the sake of explanation. 
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is low at all speeds, principally because of the high armature in- 
ductance, but rises with increasing-speed. The machine may 
be reversed by changing the direction of the current through 
the armature or through F. The stator may or may not have 
defined polar projections. The ficld winding may be of the 
distributed or of the unicoil type. 


Neutralized Single-Phase Series (Conduction) Motor. Fig. 3. 


This differs from the motor shown in Fig. 2, only in that the 
armature reaction flux R, which performs no useful work, is 
neutralized by means of the stator winding N located and dimen- 
sioned to produce a flux equal and opposite to R. The neutraliz- 
ing winding N is in conductive relation to the armature circuit 
and should be of the distributed type in order to secure the best 


ar unicotl 
Fic. 3—NEUTRALIZED SINGLE- Fic. 4—NEUTRALIZED SINGLE- 
PHASE SERIES (CONDUCTION) Mo- PHASE SERIES (CONDUCTION) Mo- 
TOR TOR WITH ROTOR-EXCITATION 


results. The power factor of this machine is higher than that 
of the one shown in Fig. 2, because of the lower self-induction 
of the rotor, but the machine is not self-compensating, although 
very high power factors can be reached at speeds above the 
synchronous. | 


Neutralized Single-Phase Series (Conduction) Motor with Rotor- 
Excitation. Fig. 4. 


There аге three-cophasal fluxes, М, R and Fr, in this machine. 
The flux N is due to the stator ampere-turns N, each of the others 
is due to part of the rotor ampere-turns. The total rotor 
ampere-turns exceed the stator ampere-turns, and the brushes 
бі b, are so displaced with respect to the axis of N that the 
flux R due to the rotor ampere-turns comprised within the angle 
300 -4а degrees equals and opposes N. The remaining rotor 
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ampere-turns comprised within the angle 4o produce the flux 
Fr at 90 electrical degrees to the two others. Тһе rotor amperc- 
turns distributed along those parts of the rotor circumference 
which are distinguished by heavier lines (360 — 40) do duty as 
armature ampere-turns. The remaining rotor ampere-turns (4 a) 
do duty as field ampere-turns, producing the only really existing 
field Fr of the machine. Fr 15 the motor field, it co-operates | 
with the armature ampere-turns on the rotor to produce the 
motor torque. Energy is conveved to armature and field 
windings conductively. Тһе back e.m.. is generated in the 
armature conductors of the rotor (360 — 40) by rotation in 
the motor field Fr. The machine has a series characteristic 
because the motor field varies іп proportion with the armature 
current. Тһе motor field 15 alwavs practically іп phase with 
the armature ampere-turns, and the torque per ampere is in- 
dependent of the power-factor. The machine 15 not self-com- 
pensating, but its power factor rises with increasing specd. 
It may be reversed by moving the brushes through 2 a degrees 
against the direction of the initial rotation; this reverses the 
direction of the motor field but not that of the armature ampere- 
turns on the rotor. Тһе stator may or may not have defined 
polar projections. Тһе neutralizing winding should preferably 
be of the distributed tvpe. 

Because of the conductive relation between stator and rotor 
windings in Fig. 4, there is no fixed relation between the ampere- 
turns in N and the coaxial rotor ampere-turns. Provided 
there are more turns on the rotor than on the stator, it is 
always possible to so locate the brushes 6; Әз as to make the 
vertical rotor ampere-turns equal and opposite to the М ampere- 
turns. It follows that it mtist also be possible to so locate said 
brushes as to make the vertical rotor ampere-turns either larger 
or smaller than those of N. It should be noted that no such 
condition can be secured in case the relation between stator and 
rotor windings is inductive instead of conductive. 

When the rotor turns exceed those of N, a value of а differing 
from zero can be found for which the vertical rotor ampere- 
turns are greater than the N ampere-turns. In such a case a 
flux R N will be present along the axis of N, 1n addition to the 
motor field Fr along the horizontal axis. "This additional flux 
R N cooperating with the rotor ampere-turns responsible for 
Fr and located within 4a degrees, will develop à negative torque, 
i.e., one opposed in direction to that due to the interaction of 
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Fr and of the armature ampere-turns (360 — 4а) on the rotor. 
Otherwise the machine will behave as before. 

If œ is so chosen as to make the vertical rotor ampere-turns 
smaller than those of N, then a flux N R will be present along 
the axis of N in addition to Fr in the horizontal axis, and the 
flux У R cooperating with the rotor ampere-turns responsible 
for Fr, will develop a positive torque. Otherwise the machine 
will behave as before. | 
Inductively- Neutralized Single-Phase Series (Conduction) Motor. 

Fig. 5. 

This machine differs from that shown in Fig. 3 only in that 
the neutralizing winding N 15 in inductive instead of conductive 
relation to the armature ampere-turns. A motor of this kind 
must always be under neutralized, since no current can be in- 


Fic. 5—INDUCTIVELY-NEUTRA- Fic. 6—INDUCTIVELY NEUTRA- 
LIZED SINGLE-PHASE SERIES (CON- LIZED SINGLE-PHASE SERIES(CON- ` 
DUCTION) Мотов DUCTION) MOTOR WITH ROTOR- 

EXCITATION 


duced in N unless a flux of mutual induction is present, which 
flux must be supplied by armature ampere-turns. А соп- 
ductively neutralized motor (Fig. 3) can, on the other hand, be 
neutralized or over neutralized to any desired degree. The 
lower the ohmic resistance of N in Fig. 5, and the better its induc- 
tive relation to the armature ampere-turns, the more complete the 
neutralization of the armature self-induction. The flux of 
mutual induction along the brush axis only affects the commuta- 
tion. The machine shown in Fig. 5 otherwise operates just 
the same as that illustrated in Fig. 3. 


Inductively-Neutralized Single-Phase Series (Conduction) Motor 
with Rotor-Excitation. Fig. 6. ` | 

There are four fluxes to be considered in this machine: A 

vertical flux of mutual induction due to a magnetizihg current 
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circulating in the rotor; a vertical armature reaction flux R due 
to the true rotor working current; an equal and opposite flux 
due to the current induced in N; and a horizontal flux Fr due 
to the total rotor current, 1.6., to the vectorial sum of rotor 
magnetizing and working currents. R and N perform no useful 
work and cancel each other. Fr cooperates with the total rotor 
ampere-turns comprised within 360 — 4 а degrecs, to produce 
the main motor torque. The vertical flux of mutual induction 
is usually very small because of the low impedance of N. This 
flux affects commutation and produces a subsidiary torque with 
the total rotor ampere-turns responsible for Fr and located 
within 4 a degrees. This subsidiary torque is negative and 
dminishes rapidly with increasing speed, reaches zero, and may 
become positive. It is small at any time because of the small- . 
ness of the vertical flux of mutual induction. By rotation of 
the motor field producing turns (4 а) in said flux, an e.m.f. 15 
generated in the rotor which increases its impedance, thercby 
lowering the power factor of this machine. This effect is, how- 
ever, small because the vertical flux of mutual induction 1s 
small at all speeds and decreases with increasing speed. 

Energy is conveved to armature and field windings conduc- 
tively. The back e.m.f. 16 generated in the armature conduc- 
tors comprised within 360 — 4 а degrees by rotation in the 
motor field produced by the rotor conductors comprised within 
4 а degrees. The machine has a series characteristic, because 
the motor ficld varies in proportion with the armature current. 
The motor field is always practically in phase with the armature 
ampere-turns and the torque per ampere 15 independent of the 
power factor. The power factor is slightly worse than that of 
Fig. 5. The machine may be reversed by moving the brushes 
past the axis of N and against thc initial direction of rotation. 
It should be noted that because of the inductive relation be- 
tween rotor and stator the total rotor ampere-turns, as well 
as those in the axis of N, must always exceed the ampere-turns 
іп N, regardless of the magnitude of а. The stator mav or 
may not. have defined polar projections. The neutralizing wind- 
ing should be distributed. 

Inductively-Neutralized Single-Phase Series (Conduction) , Motor 
with two Conductively Related Rotor Circuits. Fig. 7 

The mode of operation and characteristics of this machine 
are identical with those of the previous one, with this difference, 
that the armature and the ficld amperce-turns on the rotor are 
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produced in independent but conductively linked rotor windings. 
One of these does exclusive duty as armature and the other 
exclusive duty as field winding. This machine may be reversed 
by reversing the current through the rotor armature winding 
cooperating with the brushes a, аз, or through the rotor field 
winding cooperating with the brushes f, fo. | 

Neutralized Series (Conduction) Motor with two Inductively 

Related Rotor Circuits. Fig. 8. 

The mode of operation and characteristics of this machine 
are identical with those of the one shown in Fig. 4, with this 
difference, that the whole of the rotor winding is made usc of as 
armature winding along one axis and as field winding along an 
‚ axis at right angles to the first. To this end, independent arma- 


Fic. 7—INDUCTIVELY-NEU- - Fic. 8—NEUTRALIZED SERIES 
TRALIZED SINGLE-PHASE SERIES (CONDUCTION) MOTOR WITH Two 
(CONDUCTION) MOTOR WITH Two INDUCTIVELY RELATED ROTOR 
CONDUCTIVELY RELATED ROTOR CIRCUITS 
CIRCUITS 


ture or working brushes a, as and field or exciting brushes f; f2 
are used, the two rotor circuits being inductively linked by means 
of a series transformer 5 Т. Whcther an additional torque 15 
produced between the field armperc-turns and the flux R N or 
N R depends on the number of turns in N. The direction of 
rotation may be reversed by reversing the current through the 
working circuit М, a, а», 5 Т, or the exciting circuit fi fe, ST. 
Neutralized and Compensated Series (Conduction) Motor with 
lvo Inductively Related Rotor Circuits. Fig. 9. 

This motor differs from the previous one only in that the com- 
pensating winding C has been added. Тһе flux produced by С 
lags about 90 electrical degrees behind the terminal c.m .f.; it 
affects the commutation under the brushes a, ағ, cooperates 
with the exciting ampcre-turns on the rotor to produce ап 
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auxiliary torque, and is responsible for a compensating speed 

e.m.f. appearing at the brushes f, f» and of course duc to the ro- 

tation of the rotor conductors in the flux C. At starting, the 

effect of C on commutation is negligible, and it has no phase- 
compensating “influence, but 
contributes an appreciable 
and positive auxiliary torque. 
As the speed increases the 
auxiliary torque diminishes, 

Fr and may reverse, but the 

ТҮ: compensating effect and the 
influence of C on the com- 
mutation increasc. 


Single-Phase Series (Conduc- 
tion) Motor with Mixed 


or илісой. (Stator) Excitation. Figs. 
Fic. 9—NEUTRALIZED AND CoM- 10 and 11. 
PENSATED SERIES (CONDUCTION) This machine, devised in 


MoTOR WITH Two INDUCTIVELY RE-. 


1888,* is one of the earliest 
LATED ROTOR CIRCUITS 


single-phase commutator 
motors, but is somewhat difficult to 
represent diagrammatically along 
the lines adopted in all other cascs; 
one attempt in this direction is 
illustrated in Fig. 11. 


е» «ә ањ 


А 
! 


ее о е ее тб 


Fic. 10—SINGLE PHASE SERIES Fic. 11—SINGLE-PHASE SERIES 
(CONDUCTION) MOTOR WITH (CONDUCTION) MOTOR WITH 
MIXED (STATOR) EXCITATION MIXED (STATOR) EXCITATION 


Referring more particularly to Fig. 10, there are four fluxes 
to consider: A flux of mutual induction M linking the primary 
stator winding F’ connected to the mains with the secondary 


*See U. S. P. 591,301. 
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stator winding F” connected to the rotor winding. This flux 
closes without passing through the rotor. A flux R due to the 
rotor ampere-turns and threading the rotor in a vertical direc- 
tion. A flux F" threading the rotor in a horizontal direction 
and due to the ampere-turns in the secondary stator winding 
F”. А flux F’ also threading the rotor in a horizontal direction 
but due to ampere-turns in the primary stator winding F’, 
which are equal to those in F” but oppose the latter along the 
path of the flux of mutual induction M. The primary of the 
transformer F’ Е” carries magnetizing current and load current 
as is usual; the secondary carries load current only. The flux 
М is practically in phase with the primary magnetizing current; 
the fluxes F’ and Е” are practically in phase with and propor- 
tional to the load currents in primary and secondary respec- 
tively, and are therefore in phase with each other. The flux R 
is in phase with and proportional to the rotor ampere-turns. 
The fluxes Е” and F" cooperate with all the rotor ampcre- 
turns and produce the motor torque, and are therefore the 
motor ficlds. Тһе ficld excitation 15 derived in part directly 
from the mains through the primary F”, and is in part generated 
in the rotor itself by static induction from F' to F”, М conveys 
energy from F' to F", from which winding it 15 conductivelv 
transferred to the rotor by way of the brushes a; as. The whole 
rotor does duty as armature, and R is therefore the armature 
reaction flux; it does no useful work and can be neutralized with 
"advantage. Тһе back e.m.f. is generated in the armature con- 
ductors by rotation in the motor ficld F’ + F". Тһе machine 
has a series characteristic, because the motor field varies in 
proportion with the armature current. The motor field is al- 
ways practically in phase with the armature ampere-turns, апа 
the torque per ampere is independent of the power factor. The 
machine is not self-compensating. Other things being equal, 
its power factor is somewhat lower than that of Fig. 2, for in- 
stance, because of the flux Af. If a neutralizing winding is 
added, the power factor will be comparable with that of the 
motors shown in Fig. 3 or 5. The machine may be reversed by 
changing the direction of the current through the armature. 
The stator should have defined polar projections. The field 
windings should be of the unicoil type. This machine is really 
a combination of a reducing transformer with a motor. The 
primary and secondary windings of the transformer also do duty 
as ficld exciting windings for the motor, the rotor of which re- 
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ceives its energy from the secondary of said transformer by 
conduction. 


Inductively- Neutralized. and Self-Excited Single-Phase Series 
(Conduction) Motor with Rotor-Excitation. Fig. 12. 


Four fluxes are to be considered: A vertical flux of mutual 
induction linking rotor and stator windings and due to a mag- 
netizing current circulating through the rotor; a vertical arma- 
ture reaction flux R due to what may be referred to as the true 
rotor working current; an equal and opposite flux due to the 
current induced in N; and a horizontal flux Fr due to the cur- 
rent induced in N but circulating through the rotor along the 
axis fı f. К and N perform no useful work and cancel each 
other. Fr cooperates with the total verti- 
cal rotor ampere-turns, t.e., those due to 
the rotor magnetizing as well as to the 
true rotor working current, to produce 
the main motor torque. The vertical 
flux of mutual induction is large, be- 
cause of the high impedance of the 
exciting circuit f; f», fed by the neutral- 

Fic. 12—Inpuctive.y- izing winding N. Said ‘flux affects the 
NEUTRALIZED AND SELF- commutation under the working brushes 
, Ехсітер SINGLE-PHASE q, аз, produces an auxiliary, appreciable 
SERIES (CONDUCTION) and negative torque with the rotor 
MoroR WITH’ ROTOR- к ; 

EXCITATION exciting ampere-turns, and 15 responsible 

| for the appearance, at the exciting 
brushes, of a speed e.m.f. of such phase as to increase the im- 
pedance of the exciting circuit ang therefore to lower the power 
factor of the machine. 

Energy is conveyed to the armature by conduction. The 
exciting e.m.f. is generated in the neutralizing winding N by 
induction from the rotor. The back e.m.f. is generated in 
the vertical rotor axis by rotation of the rotor conductors іп 
Fr. The machine does not possess a true series characteristic 
because of the strong negative and irregularly varying torque 
due to the vertical flux of mutual induction, and because 
the phase relation between Fr and the vertical rotor ampere- 
turns is a variable one. The power factor is low at all speeds. 
The machine may be reversed by reversing the connections 
between N and the horizontal rotor axis. The general per- 
formance is very poor. 
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Self-Excited Single-Phase Series Induction Motor with Rotor- 
Excitation. Fig. 18. 

The theory of this machine becomes self-evident the moment 
one realizes that the only difference between it and the motor 
shown in Fig. 4, is that, in the latter, energy is conveyed to 
the rotor by conduction whereas in this case it 1s conveyed to 
the rotor by induction.. In order to convert Fig. 4 into Fig. 13, 
it is, indeed, only necessary to short circuit the brushes 01 by. 

There are four fluxes to consider. А vertical flux of mutual 
induction (transformer flux) due to a magnetizing current cir- 
culating in the primary or stator winding 5; a vertical rotor flux 
R due to the current induced by the transformer flux in the short 
circuited secondary or rotor and circulating in the rotor conduc- 
tors located within 360 —4 e degrees; an 
сала! and opposite, 1.6. ncutralizing, flux, 
duc to the corresponding current ın S; | $ 
and а horizontal flux Fr due to the current 
induced in the rotor and circulating in the Abs / 
conductors located within 4 a degrees and ‘ 
therefore out of inductive relation with the 
stator winding, S. The flux R and the 
opposing stator flux are co-phasal with the 


РЫ 


/ 


flux Fr; they cancel each other and there- “а-а 

fore perform no uscful work. Fr cooperates ЕБЕіс. 13-5 ЕІ F- 
with the rotor conductors responsible for R EXCITED SINGLE- 
(360-4 a) in producing the main motor PHASE SERIES INpuc- 


TION MOTOR WITH 


torque. The vertical flux of mutual induc- 
ROTOR-EXCITATION 


tion cooperates with the rotor conductors 

(Аа) responsible for Fr to produce an auxiliary and positive 
torque, which dimimshes as the power factor of the motor 
improves. This flux is also responsible for a speed e.m.f., 
generated by rotation in said flux of the rotor conductors lo- 
cated within 4 a degrees. This e.m.f. 15 of a phase adapted to 
decrease the rotor impedance, thus improving the power factor 
of the motor. This inherent quality cannot raise the power 
factor to unity, but it improves it materially, thus rendering 
the machine self-compensating. This self-compensation in- 
creases with increasing transformer flux and speed. 

Energy is conveved to the rotor conductors doing duty as 
armature (360 —4 о) and to those doing duty as field windings 
(4 о), inductively. The back e.m.f. is generated in the arm- 
ature conductors by rotation in Fr; it reduces the current in 
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the secondary (rotor) and increases the flux of mutual induction, 
linking the rotor with the primary S. The machine has a 
series characteristic because the motor field varies іп propor- 
tion with the armature current. The motor field is always 
practically in phase with the armature ampere-turns, and the 
main torque is independent of the power factor. The auxiliary 
torque is too small to materially affect the torque characteristic 
within the normal speed range. The power factor rises to near 
unity about synchronism. Тһе machine may be reversed by 
moving the brushes though а degrees against the direction of 
the initial rotation, whereby the direction of Fr only is reversed. 
The stator should have no defined polar projections, and the 
stator winding should be distributed. 


Fic- 14—SINGLE-PHASESERIES Fic. 15—SINGLE-PHASE SERIES 
INDUCTION MOTOR (WITH STATOR- INDUCTION MOTOR (WITH STATOR- 
EXCITATION) EXCITATION) 


Single-Phase Series Induction Motor (with Stator-excitation) 
Figs. 14 and 15. 

The actual distribution of the stator windings diagram- 
matically indicated in Fig. 14, is shown in Fig. 15. It is clear 
that F can have no statically inductive effect on the rotor wind- 
ing which can make itself felt within the brush circuit, but the 
rotor will be fully responsive to the inductive effect of W. There 
are four fluxes to consider: A transformer flux due to a mag- 
netizing current in W; an armature reaction flux R due to the 
ampere-turns induced by W in the rotor; an equal and opposite 
flux due to the corresponding neutralizing ampere-turns in W; 
and an exciting flux F due to the stator magnetizing and neutral- 
izing currents flowing through F. The flux К is neutralized 
by the opposing flux due to W and does no useful work. The 
flux of mutual induction affects the commutation only. F 
produces the motor torque in cooperation with all of the rotor 
ampere-turns. 
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Energy is conveyed to the armature inductively and to the 
field winding conductively and directly from the mains. Тһе 
back e.m.f. is generated in the armature conductors by rotation 
in the motor field and appears at the brushes a, а»; it decreases 
the rotor current and increases the transformer field. Тһе 
machine has a series characteristic because the motor field varies 
practically in proportion with the armature current at all but 
very light loads. Тһе motor field 15 always a little out of phase 
with the armature current, and the torque per ampere is almost 
independent of the power factor, which is low at all speeds. 
The machine may be reversed by changing the direction of 
the current through F or through W. 


Self-Excited Single-Phase Series Induction Motor with Rotor- 
Excitation and Independent Brushes. Fig. 16. 

This is the modern form of the motor invented by Elihu 
Thomson, in 1887,* and referred to by him as a “ repulsion 
motor.” Only one brush may be used, and the width of each 
brush may vary within wide limits. 

There are four fluxes to consider: A vertical flux of mutual 
induction (transformer flux) due to a magnetizing current cir- 
culating in the primary or stator winding S; a vertical rotor flux 
R due to the vertical component of the current induced by the 
transformer flux in the coils short circuited by the brushes b; 
an equal and opposite, t.e., neutralizing, flux due to the corres- 
ponding current іп S; and a horizontal flux Fr due to the hori- 
zontal component of the current induced in the short circuited 
rotor coils. The flux R, the opposing stator flux, and Fr are 
co-phasal; the first two cancel each other and therefore per- 
form no useful work. Fr cooperates with the rotor ampere- 
turns responsible for R to produce the main motor torque. 
The vertical flux of mutual induction cooperates with the 
rotor ampere-turns responsible for Fr, to produce a positive 
auxiliary torque which diminishes as the power factor improves. 
By revolution of the rotor conductors in this transformer flux, 
a compensating e.m.f. is generated within the rotor short cir- 
cuits, tending to raise the power factor of the machine. 

Working and exciting energy is conveyed to the rotor by in- 
duction. Тһе back e.m.f. is generated in the rotor short cir- 
cuits by rotation in Fr, and tends to decrease the rotor current 
and increase the flux of mutual induction. Тһе machine has 
a series characteristic, because the motor field varies in pro- 


*See U. S. P. 363, 185. 
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portion with the armature current. The motor field is always 
practically in phase with the armature ampere-turns, and the 
torque per ampere is independent of the power factor. The 
power factor is good at speeds near the synchronous. The machine 
may be reversed by shifting the brushes into the other quad- 
rants. This machine is not now used; it is much inferior to 
that shown in Fig. 18, although it has the same general char- 
acteristics as the latter. 


Self-Excited Single-Phase Series Induction Motor with Rotor- 
Excitation and two Independent Rotor Circuits. Fig. 17. 
This machine operates exactly hke that shown in Fig. 16, 
but utilizes the rotor copper much more efficiently and with 
much smaller friction losses. Electrically, the result is the same 
whether one short circuits the brushes 5, b; by means of a соп- 


Fic. 16—SELF-EXCITED SINGLE- Fic. 17—SELF-EXCITED SINGLE- 


PHASE SERIES INDUCTION MOTOR PHASE SERIES INDUCTION MOTOR 
WITH ROTOR-EXCITATION AND IN- WITH ROTOR-EXCITATION AND TWO 
DEPENDENT BRUSHES INDEPENDENT ROTOR CIRCUITS 


ductor or replaces them by a single brush covering the arc 
previously short circuited by the two interconnected brushes. 
The arrangement shown in Fig. 17 is practical and allows of a 
wide regulation of the motor, for instance by moving the brushes 
by and b 3. 
Self-Excited Single-Phase Series Induction Motor with Rotor- 
Excitation and two Inductively Related Rotor Circuits. Fig. 18. 
The mode of operation and characteristics of this machine 
are identical with those of the one shown in Fig. 13, with this 
difference, that the whole of the rotor winding 15 made use of 
as armature winding along one axis and the whole of it is made 
use of as field winding along an axis at right angles to the first. 
To this end, independent brushes fı f» are uscd, the two rotor | 
circuits being inductively linked by means of the series trans- 
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former ST. The direction of rotation may be reversed by re- 
versing the direction of the exciting current, which is done by 
changing the connections between ST and the brushes f; fe. 


Self-Excited Single-Phase Series Induction Motor with Rotor- 
Excitation and two Conductively Related Rotor Circuits. 
Fig. 19. 

The mode of operation and characteristics of this machine 
are identical with those of the previous one, with this difference 
that the armature and the field amperc-turns on the rotor arc 
produced in independent but conductively-linked rotor windings. 
One of these does exclusive duty as armature and the other 
exclusive duty as field winding. This machine may be reversed 
by reversing the current through the rotor winding doing duty 


f° ^R 
ai 


Fic. 18—SELrF-ExciTED SINGLE- 
PHASE SERIES INDUCTION MOTOR 
WITH ROTOR-EXCITATION AND 


Two INDUCTIVELY RELATED 


ROTOR CIRCUITS 


Fic. 19—SELF-EXxcITED SINGLE- 
PHASE SERIES INDUCTION MOTOR 
WITH ROTOR-EXCITATION AND 
Two CONDUCTIVELY RELATED 
Коток CIRCUITS 


as ficld winding. The machine is less flexible than that shown 
in Fig. 18, because of the absence of the transformer, which 
can of course be of the adjustable ratio type. 


Self-Excited Single-Phase Series Induction Motor (with Stator- 
Excitation). Fig. 20. 

Four fluxes must be taken into account: A vertical flux of 
mutual induction due to a magnetizing current in S; a vertical . 
armature reaction flux R due to the ampere-turns induced in 
the rotor by S; ап equal and opposite flux due to corresponding 
ampere turns in 5; and a horizontal flux due to the stator winding 
F through which is sent the current induced in.the rotor by 5. 
The flux R and the corresponding stator flux cancel each other. 
F cooperates with all the rotor ampere-turns to produce the 
motor torque. Тһе flux of mutua] induction affects only the 
commutation, 
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Working and exciting energv is conveyed to the rotor from S 
by induction. The back e.m.f. is generated in the rotor, i.e., 
armature conductors, bv rotation in the motor flux F. The ma- 
chine has a series characteristic, because the motor field varies 
in proportion with the armature current. Тһе motor field is 
always practically in phase with the armature ampere-turns 
and the torque per ampere is independent of the power factor. 
The machine is not self-compensating; its power factor 1s lower 
than that of Fig. 18, for instance, but increases with rising speed. 
The machine may be reversed by reversing the direction of the 
current through the stator field winding. 


a2 


81 ==. 


or unicoil 
Fic. 20—SELF-EXCITED SINGLE- Fic. 21--СЕРАКАТЕІ,Ұ-Ех- 
PHASE SERIES INDUCTION MOTOR CITED) SINGLE-PHASE SERIES 
(WITH STATOR-EXCITATION) INDUCTION MOTOR WITH ROTOR- 


EXCITATION 


(Separately-Excited) Single-Phase Series Induction Motor with 
Rotor Excitation. Fig. 21. 

The mode of operation and characteristics of this machine 
are readily recognized when it 1s realized that the onlv difference 
between it and the motor shown in Fig. 18, is that the motor 
flux Fr in that figure is produced by the secondary current of 
the static transformer S — ауа», whereas in Fig. 21, this flux 
is produced by the primary current of the transformer W — a; a3. 
While the motor field exciting current in Fig. 18 is strictly in 
phase with the working current threading the rotor along the 
vertical axis, and the phase difference between the motor flux 
Fr and the rotor working ampere-turns amounts merely to the 
small iron lag of Fr behind the current producing it, in the ma- 
chine under discussion the phase difference between Fr and 
the rotor working ampcre-turns is increased by the phase differ- 
ence between the secondary and primary currents of the trans- 
former W – а; аз. This phase difference is, of course, due to 
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the magnetizing current in the primary W, which is responsible 
for the fux of mutual induction in the vertical axis, and which 
. conveys the working energy to the rotor. This motor 15 said 
to be separately excited, because the exciting energy is taken 
directly from the mains. Тһе vertical flux of mutual induc- 
tion is responsible for an auxiliary afd positive torque, as in all 
similar machines, and also for a phase compensating speed 
e.m.f. which appears at the exciting brushes f; f» and is thus in- 
troduced directly into the primary or stator circuit, instead of 
being first generated in the secondary or rotor circuit, as in 
Figs. 13 and 16 to 19 inclusive. This speed e.m.f. reduces the 
impedance of the primary or stator circuit and thus raises the 
power factor of the machine. А series transformer may be in- 


Fic. 22—(SEPARATELY- Fic. 23—(SEPARATELY-E XCITED) SINGLE- 
EXCITED) SINGLE-PHASE PHASE SERIES INDUCTION-CONDUCTION Mo- 
SERIES INDUCTION MOTOR TOR WITH ROTOR-EXCITATION 
WITH ROTOR-EXCITATION 


terposed between W and the horizontal rotor axis without 
affecting the mode of operation or the characteristics of the ma- 
chine; but the use of such a transformer adds to the flexibility of 
the motor. 


(Separately-Excited) Single-phase Series Induction Motor with 
Rotor-Excitation. Fig. 22. 

This machine is identical with that shown in Fig. 21, except 
for the arrangement of the brushes cooperating with the rotor 
winding. The latter is here short circuited along the lines 
b; bs and b; b4, both of which are parallel to the axis of the stator 
winding W, whereas in Fig. 21, the rotor is short circuited along 
the very axis of W. The current induced in the rotor and pro- 
ducing the armature reaction flux R, only circulates in those 
rotor conductors which are spanned by the two short circuits. 
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The distribution of this current is shown by dots and circles 
placed inside the rotor winding. The primary current, producing 
Fr, and conducted through the rotor by way of the short circuited 
brush groups, only circulates in the remaining rotor conductors, 
as shown by the dots and circles placed outside the rotor winding. 
Because the same brushes carry the induced working and the 
conduced exciting current, they are shown sectioned. 


(Separately-Excited) Single-Phase Series Induction-Conduction 
Motor with Rotor Excitation. Fig. 23. 

In Fig. 21 the working energy along the working axis is en- 
tirely conveyed to the rotor by induction. The entire rotor 
working e.m.f. in said axis 1s induced in the rotor and depends 
on and varies with the voltage at the terminals of W. This 
working e.m.f. is always of approximately the same phase as 
the line e.m.f. These conditions are taken advantage of in 
Fig. 23 to adjust the magnitude of the rotor working e.m.f. 
independently of W, by conductively injecting an additive or 
subtractive and approximately co-phasal e.m.f. into the working 
axis of the rotor. "This auxiliary e.m.f. is derived from the mains 
by means of the transformer Т and the reversing switch X. 
When the auxiliary e.m.f. is of the same direction as the induced 
working e.m.f., then the vertical axis of the rotor receives energy 
conductively, as well as inductively. If the direction of the 
auxiliary e.m.f. is reversed, then part of the energy inductively 
conveyed to the vertical axis 1s conductively withdrawn there- 
from and conveyed back to the mains. Hence the term “ induc- 
tion-conduction " applied to this machine. Except for the 
regulation obtained by changing the magnitude or direction 
of the auxiliary e.m.f. conducted into the vertical rotor axis, 
the mode of operation and characteristics of the machine are 
identical with those of the motor shown in Fig. 21. 


Neutralized Two-Phase Series (Conduction) Motor. Fig. 24. 

This is the two-phase equivalent of the single-phase motor 
shown in Fig. 3. It is obtained by combining two single-phase 
Fig. 3 motors in one frame and displacing all the elements of one 
of them by 90 electrical degrees with respect to the corresponding 
elements of the other. А single rotor winding may be used, as 
shown in Fig. 24, if interconnection of the phases is permissible. 
The field winding Fi of phase 1, does not interfere with the 
proper working of the armature circuit belonging to phase 2, 
because апу e.m.f. induced by F, at the brushes аҙ a, is equalled 
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and opposed by ап e.m.f. induced by Ё, in Ns. The effect of 

F, on the armature circuit of phase 1, is neutralizea in the same 

manner. The fluxes F, апа F, improve the commutation under 

speed. Тһе available material is of course far better utilized 
in Fig. 24 than in Fig. 3. 


Neutralized Two-Phase Series (Conduction) Motor with Rotor- 
Excitation. Fig. 25. 

This is the two-phase equivalent of the single-phase motor 
shown in Fig. 4. Тһе brushes 5; 0; are displaced by such an 
angle о from the axis of N;, that R, due to the rotor conductors 
located within 360 — 4q@ degrees, is neutralized by the flux 
due to Аі, while the rotor ampere-turns located within 4а 
degrees, produce the motor field Fr, which co-operates with the 


or unicoil, 
Fic, 24—NEUTRALIZED TWO-PHASE SERIES (CONDUCTION) MOTOR 


rotor ampere-turns responsible for Кі to produce the motor 
torque due to phase 1. Similarly, the brushes b; b, are displaced 
by such an angle 8 from the axis of Ne, that К» due to the rotor 
conductors located within 360 — 4 В degrees, is neutralized by 
the flux due to Ne, while the rotor ampere-turns located within 
4 B degrees produce the motor field Fre, which cooperates with 
the rotor ampere-turns responsible for Кә to produce the motor 
torque due to phase 2. Тһе neutralizing windings N, and М» 
are displaced by 90 electrical degrees. Тһе two fluxes Fr; and 
Fre improve the commutation under speed. 


Мотовв WITH SHUNT CHARACTERISTIC 
In a series machine no difficulty is experienced in obtaining 
approximate phase coincidence between motor field and armature 
current, but the conditions for a shunt machine are very different. 
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Неге the chief problem is to provide ап exciting e.m.f. of proper 
phase. 


(Separately-Excited) Single-Phase Shunt (Conduction) Motor 
(with Stator-Excitation). Fig. 26. 

Two fluxes, R and F, are set up in this machine. If rotor and 
stator windings are connected to e.m.fs. of the same phase, then 
the armature ampere-turns set up by the rotor current and 
responsible for the useless flux R, will, at starting, be about in 
phase with the useful motor flux F set up by the stator field wind- 
ing F, for the impedance of both windings is great. The torque’ 
per ampere will be good. Energy is conveyed to armature and 
field windings conductively. The back e.m.f. is generated in 
the armature conductors by rotation in the motor field. With 


оу unicoil 
as В 
Ph.1. [ C f> 
81 = 
Fic. 25—NEUTRALIZED Two- Fic. 26—(SEPARATELY-EXCITED) 
PHASE SERIES (CoNDUCTION) Mo- SINGLE-PHASE SHUNT(CONDUCTION) 
TOR WITH ROTOR EXCITATION MOTOR (WITH STATOR-EXCITATION) 


increasing speed the lag in the armature circuit quickly di- 
minishes, owing to the effect of the dephased back e.m.f., whereby 
the power factor is improved, but the torque per ampere is 
reduced. Тһе machine is said to have a shunt characteristic, 
because the currents in the armature and in the field circuits 
are quite independent of each. other, but the motor speed under 
varying load is not as constant as 1s generally desired. This is 
due to the phase difference between the working and back e.m.fs., 
which causes the phase relation between working current and 
motor flux to vary considerably with the load. When the power 
factor is low, the torque per ampere 15 high, and vice versa. 
The weight efficiency of such a machine is so low as to make 
it commercial useless except in very small sizes and where 
` no importance is attached to constancy of speed. The stator 
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may or may not have defined polar projections. Тһе field 
winding may or may not be of the distributed type. 

If rotor and stator windings are connected to e.m.fs. which 
are in phase quadrature, then the power factor and the torque 
per ampere are low at starting, and the power factor does not 
materially change with speed. Тһе speed is more constant, 
but the weight efficiency is very low. 


(Separately-Excited) | Neutralized Single-Phase Shunt (Соп. 
duction) Motor (with Stator-Excitation). Fig. 27. 

This differs from the foregoing in that the armature reaction 
flux is neutralized. The armature circuit, comprising the rotor 
and the stator winding N adapted to neutralize the armature 
reaction flux R, is connected to one phase of a two-phase supply, ' 


ne 
Ph.r. ER ЛЫ Phi. f Fr 
Fic. 27—(SEPARATEL Y-E x- Fic. 28—(SEPARATEL Y:E x- 
CITED) NEUTRALIZED SINGLE- CITED) NEUTRALIZED SINGLE- 
PHASE SHUNT (CONDUCTION) Mo- PHASE SHUNT (CONDUCTION) Mo- 
TOR (WITH STATOR-EXCITATION) TOR WITH ROTOR-EXCITATION 


while the stator field winding is connected to the other, and 
produces the motor field F. Because of the leakage fluxes 
linked with the armature circuit, the armature current lags, 
at starting, behind the e.m.f. of phase 1, and is therefore not 
quite in phase with the motor flux due to the e.m.f. of phase 2. 
The torque per ampere is good, the power factor fair. No 
phenomena occur under speed to materially change either the 
torque per ampere or the power factor. The speed of the ma- 
chine is fairly constant. Тһе weight efficiency is much greater 
than that of Fig. 26. Much better results can be obtained, 
particularly under speed, by adjusting the phase of the exciting 
e.m.f. relatively to that of the working e.m.f. Тһе energy drawn 
from the phase feeding the armature, varies with the load; that 
drawn from the other is small and constant. 
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(Separately-Excited) Neutralized Single-Phase Shunt | (Con- 
duction) Motor with Rotor-Excitation. Fig. 28. 

This only differs from the one shown in Fig. 27 in that the 
stator exciting winding Ғ is dispensed with and the rotor wind- 
ing along the horizontal axis used in its stead, the exciting e.m.f. 
being applied to the exciting brushes fı fs. Тһе mode of opera- 
tion and characteristics of the two machines are identical, except 
that a speed e.m.f. is generated at the exciting brushes by rota- 
tion in the vertical armature leakage flux, which so changes the 
phase of the resultant e.m.f. in the exciting circuit as to improve 
the power factor with increasing speed. 


оу unice. 


orunicoil 

Fic. 29—(SEPARATELY-EXCITED) Fic. 30—SELF-EXCITED SINGLE- 
INDUCTIVELY-NEUTRALIZED SINGLE- PHASE SHUNT (CONDUCTION) Mo- 
PHASE SHUNT (CONDUCTION) MOTOR тов (WITH ROTOR-EXCITATION) 
(WITH STATOR EXCITATION) 


(Separately-Excited) Inductively-Neutralized Single-Phase Shunt 
(Conduction) Motor (with Stator-Excitation). Fig. 29. 
This differs from the motor shown in Fig. 27 in that the arma- 
ture reaction flux R is neutralized inductively instead of con- 
ductively. The presence, in the vertical rotor axis, of the flux 
of mutual induction, which conveys the energy from the rotor 
to N, does not modify the mode of operation or the characteris- 
tics of the machine except as to commutation, because the 
speed e.m.f. generated in the rotor by its rotation in said flux 
appears along the horizontal rotor axis and is therefore in- 
effective. 
Self- Excited Single-Phase Shunt (Conduction) Motor (with 
Rotor-Excitation). Бір. 30. 
The armature circuit comprises the rotor winding along the 
vertical axis connected in series relation with the neutralizing 
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winding N by way of the working brushes а, аз. Тһе armature 
reaction flux Ё is neutralized by N, leaving nothing but leakage 
fluxes in the vertical axis. The rotor is short circuited along 
the horizontal axis by means of the field brushes f; f, to form 
the exciting or motor field producing circuit. Тһе stator wind- 
ing Е is connected across the mains and produces, in the vertical 
axis, a flux lagging 90 degrees behind the line or working e.m.f. 
By rotation of the rotor conductors in the flux E, an e.m.f. in 
phase with said flux is generated at the brushes f, f? and pro- 
duces, along the horizontal rotor axis, a flux Fr lagging 90 de- 
grees behind said e.m.f. and therefore in phase with the line 
e.m.f. and also with the working current, as long as the same 


or unicoil. er unicoil. „ 
Fic. 31—COMPENSATED SELF- Fic. 32—SELF-EXCITED SINGLE- 
EXCITED SINGLE-PHASE SHUNT PHASE SHUNT (CoNDucTION) Mo- 
(CONDUCTION) Моток (wiru Ro- TOR WITH ROTOR AND STATOR- 
TOR-EXCITATION) EXCITATION 


is in phase with the working e.m.f. The flux Е does not react 
on the working circuit because any c.m.f. it induces in the 
vertical rotor axis is equalled and opposed by the e.m.f. it in- 
duces in N. This machine will not start from rest, but is self- 
compensating, operates well at a constant speed and its spced 
is readilv adjustable. 


Compensated Self-Excited Single-Phase Shunt (Conduction) 
Motor (with Rotor-Excitation). Fig. 31. 

This differs from the previous motor only in that an e.m.f. 
differing in phase from the one directly responsible for the 
motor field and generated in the rotor by rotation, is introduced 
into the rotor exciting circuits for the purpose of adjusting the 
power factor of the machine by adjusting the phase of the re- 
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sultant e.m.f. in the rotor exciting circuit. The compensating 
e.m.f. is in this case derived from the mains and is therefore 
in phase quadrature with the rotor exciting e.m.f. 


Self-Excited Single-Phase Shunt (Conduction) Motor with Rotor 
and Stator-Excitation. Fig. 32. 

This differs from the motor shown in Fig. 30 in that the rotor 
exciting brushes are not short circuited hut closed over a coaxial 
winding F located on the stator. The exciting e.m.f. generated 
in the rotor bv rotation in the auxiliary or teaser flux E, sends 
a magnetizing current through F, as well as through the rotor 
along the horizontal axis, with the result that the motor field 
is produced in part hy rotor, and in part by stator, ampere- 

turns. Changing the number 
of active stator exciting turns, 
or the direction in which they 
magnetize with respect to the 
direction of the magnetization 
produced by the horizontal rotor 
ampere-turns, changes the mag- 
nitude of the motor field inde- 
pendently of the working e.m.f., 
and therefore influences the 
speed of the motor. In all other 


Fic. 33—(SEPARATEL Y-E x- . 
CITED) SINGLE-PHASE SuHuwr Tespects the mode of operation 


INDUCTION Motor (WITH STATOR- and the characteristics are the 
EXCITATION) same as those of Fig. 30. 


(Separately-Excited) Single-phase Shunt Induction Motor (with 
Stator-Excitation). Fig. 33. 

Working energy is inductively conveyed to the rotor from 
phase 1 along the vertical axis by means of a flux of mutual 
induction (transformer flux) due to a magnetizing current flow- 
ing through W. Тһе ampere-turns due to the working current 
thus induced in the short circuited secondary (rotor) are equalled 
and opposed by corresponding ampere-turns in the primary W, 
set up by a primary working current derived from the mains. 
The rotor ampere-turns produce the armature reaction flux R, 
which is neutralized by the flux due to the primary working 
ampere-turns. The leakage flux along the vertical rotor axis 
is not neutralized, and the armature circuit is therefore not 
free from impedance. Exciting energy is conductively conveyed 
to the stator field winding F from phase 2, producing a motor 
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field which is nearly in phase with the rotor or armature current 
and which cooperates therewith to produce the motor torque. 
In this as in all cases where a, motor with one armature and one 
field axis per pole pair is fed from a two-phase supply, the load 
on the two phases is quite unequal, the one supplying the ex- 
citation being called upon to deliver only a small fraction of 
the energy required of the other. The machine has no self- 
compensating properties, and its speed is not constant under 
varying loads, mainly because of the rotor impedance due to 
the leakaye field in the vertical rotor axis. 

The power factor can be improved by suitably adjusting the 
phase of the motor field, but speed constancy is not secured 


thereby. 
Self-excited Single-phase Shunt Induction | S 
Commutator Motor (with Rotor-Exci- 


tation). Fig. 34. 


Working energy is conveyed into the S p 
rotor along the vertical axis by trans- Із Ty Ec 
former action from S. The induced verti- 5 ЖА 
cal rotor ampere-turns do duty asarmature 


ampere-turns, and produce the armature рү, 34 Se_r-ExcITED 
reaction flux R, which is neutralized by SINGLE-PHASE SHUNT 
transformer action from 5. The rotor InpucTIONCOMMUTATOR 
leakage flux in the vertical axis is not Motor (with Коток 
neutralized. The working e.m.f. induced at EXCITATION) 

the working brushes a; a; by the transformer flux, is of about the 
same phase as the line e.m.f. impressed on the stator winding S. 
The transformer flux lags 90 degrees behind the line e.m.f. 
The exciting e.m.f. is generated in the rotor by rotation of the 
rotor conductors in the transformer flux, and appears at the 
exciting brushes f, f;. This speed e.m.f. is of same phase as 
the said flux, and therefore in phase quadrature with the line 
and with the rotor working e.m.fs. The motor flux Fr in the 
horizontal axis, is due to this exciting e.m.f., is in quadrature 
thereto, and therefore approximately in phase with the rotor 
ampere-turns in the vertical axis with which it cooperates to 
produce the motor torque. The back e.m.f. is generated in 
the vertical rotor axis by rotation in Fr. This machine 15 self- 
compensating, for another speed e.m.f. is produced at the ex- 
citing brushes by rotation of the rotor conductors in the vertical 
rotor leakage flux. This second speed e.m.f. so alters the phase 
of the resultant e.m.f. in the horizontal rotor axis, and there- 
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fore the phase of the horizontal flux, as to materially improve 
the power factor of the machine. This sclf-compensating feature 
cannot raise the power factor of this motor to anything like 
unity, but is sufficient to render an otherwise useless machine, 
operative. Тһе stator should not have any defined polar pro- 
jections, and the winding S should be of the distributed type. 
This machine will not start from rest, but will run up to speed 
in any direction in which it is started. Its normal speed is the 
synchronous. 


Compensated Self-Excited Single-Phase Shunt Induction Com- 
mutator Motor (with Rotor-Excitation). Fig. 35. 

The mode of operation and characteristics of this motor are 

identical with those of the machine showing in Fig. 34, but 


Fic. 35—COoMPENSATED SELF- Fic. 36—SELF-EXCITED SINGLE- 
EXCITED SINGLE-PHASE SHUNT PHASE SHUNT INDUCTION Сом- 
INDUCTION COMMUTATOR MOTOR MUTATOR) MOTOR WITH ROTOR 
(WITH RoTOR-EXCITATION) AND STATOR-EXCITATION 


auxiliary means are here added whereby the power factor of 
the machine can be adjusted at will. To this end an adjustable 
e.m.f., preferably in phase quadrature with the exciting speed 
e.m.f. generated in the rotor, 1s conductively introduced into 
the rotor exciting circuit. In this case this c. m.f. is derived from 
the mains by way of the transformer 7. The normal speed of 
this machine is the synchronous; it is very constant under vary- 
ing load. The power factor is under perfect control. 


Self-Excited Single-Phase Shunt Induction (Commutator) Motor 
with Rotor and Stator-Excitation. Fig. 36. 

This differs from the motor shown іп Fig. 34 in that the ex- 
citing brushes are not short circuited but connected through 
a winding F located on the stator and in the horizontal or exci- 
tingaxis. Theexciting e.m.f. generated in the rotor by rotation 
in the vertical transformer flux sends a magnetizing current 
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through F, as well as through the rotor along its horizontal 
axis, with the result that the motor ficld is produced in part 
by the rotor, and in part by the stator ampere-turns. Chang- 
ing the number of active stator exciting turns, or the directions 
in which they magnetize with respect to the direction of the 
magnetization produced hy the horizontal rotor ampere-turns, 
changes the magnitude of the motor field independently of the 
working e.m.f., and therefore changes the speed of the motor. 
This machine can run at speeds other than the synchronous, but 
in all other respects the mode of operation and the characteristics 
аге the same as those of Fig. 34. 


Fic. 387—SELF-EXCITED SINGLE- Fic. 38—SINGLE-PHASE SHUNT 

PHASE SHUNT INDUCTION-CON- INDUCTION (COMMUTATOR) Mo- 
DUCTION (COMMUTATOR) MOTOR TOR WITH MIXED (Коток) Ex- 
(WITH ROTOR-EXCITATION) CITATION 


Self- Excited Single-Phase Shunt Induction-Conduction (Com- 
mutator) Afotor (with Rotor-Excitation). Fig. 37. 

In Fig. 34, the magnitude of the rotor working e.m.f. in the 
vertical axis and that of the rotor exciting e.m.f. in the horizontal 
axis, both depend on the magnitude of the vertical transformer 
flux. It follows that the magnitude of the working c.m.f. can- 
not be altered independently of the exciting c.m.f., by changing 
the magnitude of the transformer flux. In fact, any such 
change results in a proportional change in both e.m.fs. But 
an independent regulation of these two e.m.fs. 1s necessary if 
the speed of the machine is to be altered; the arrangement 
shown in Fig. 37 illustrates one wav of achieving this result. 

An c.m.f. of about the same phase as that of the line елп... 
is conductively introduced into the working circuit of the rotor 
by means of the transformer Т апа the working brushes аң as. 
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The working e.m.f. induced in this circuit from S being also of 
ahout the same phase as that of the line e.m.f., the two will 
yield a resultant which will be of about the same phase as the 
induced working e.m.f., and either greater or smaller than it 
according to the direction of the conductively introdueed com- 
ponent. This resultant will, of course, be the effective rotor 
working e.m.f. An adjustment of the magnitude of this re- 
sultant results in a change of the motor speed. This machine 
can тип at constant speeds differing from the synchronous, but 
its mode of operation and characteristics are otherwise the same 
as those of the motor shown in Fig. 34. 


Single-Phase Shunt Induction (Commutator) Motor with Mixed 
(Rotor) Excitation. Fig. 38. 

This differs from the motor shown in Fig. 34 in that ап e.m.f. 
in phase quadrature іс that impressed on S is conductively 
introduced into the rotor exciting circuit. 
| This auxiliary e.m.f. is of about the same 
š phasc as that generated in the horizontal 
rotor axis by rotation in the vertical trans- 
former flux. The resultant of the generated 
and the auxiliary e.m.f. must be the effective 
exciting c.m.f., the magnitude of which can 
Fic. 39 — SeLp-Ex- therefore be changed independently of the 
CITED  SiNGLE-PHAsE rotor working e.m.f., thus securing speed 
SHUNT INDUCTION regulation. This machine will start from 
-. ROTOR- rest and can be run at constant speeds 
differing from the synchronous; in all other 

respects it 1s the same as that shown in Fig. 34. 


Self-Excited Single-Phase Shunt Induction Motor (with Rotor- 
Excitation). Fig. 39. 

The mode of operation and characteristics of this machine 
are identical with those of the motor shown in Fig. 34. The 
stator winding S produces a vertical transformer flux which 
conveys the working energy into the rotor and is also responsible 
for the rotor exciting e.m.f., which is generated in the horizontal 
axis by rotation of the rotor conductors in this transformer 
field. The rotor working amperc-turns responsible for the arm- 
ature reaction flux are neutralized by transformer action from .S; 
their space distribution 1s shown by the dots and circles located 
inside the rotor circle in Fig. 34 and remains unaltered inde- 
pendently of the revolution of the rotor. Тһе space distribution 
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of the rotor exciting ampere-turns responsible for the motor 
torque producing field Fr, is as shown by the dots and circles 
located outside the rotor circle іп Fig. 34 and also remains un- 
altered as long as the rotor revolves. The speed e.m.f. due to 
rotation of the rotor conductors in the vertical rotor leakage 
flux, acts to improve the power factor. The squirrel cage con- 
struction provides paths over which currents may close through 
any two rotor conductors, with the result that neither the іп- 
tensity of the working nor that of the exciting current is the 
same in all the conductors. The machine will not start from 
rest, but if given a sufficient impulse in either direction will 
run up to its normal speed, which is very near the synchronous. 
Its working speed is practicallv constant under varying loads. 


Pha: | Wi 
— 
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|- Ph. 2--] 
Fic. 40—COMPENSATED SELF- Fic. 41—Two-PHASE SHUNT- 
EXCITED SINGLE-PHASE SHUNT INDUCTION COMMUTATOR Meo- 
INDUCTION Моток (WITH ROTOR- TOR (WITH STATOR-EXCITATION) 
EXCITATION) 


The stator should not have any defined polar projections, and 
the stator winding should be distributed. 


Compensated Self-Excited Single-Phase Shunt Induction Motor 
(with Rotor-Excitation). Tig. 40. 

This differs from the previous motor in that the rotor carries 
a squirrel саре, a commuted winding and cooperating brushes 
located in the horizontal axis. An exciting speed e.m.f. is 
gencrated along the horizontal axis of both windings so that 
both will contribute equally to the production of Fr if the 
brushes f; f» are short circuited. If the e.m.f. per conductor 
of one of these windings is artificially raised, this winding will 
contribute more than one half of the total motor field ampere- 
turns, and if the increase has been of sufficient magnitude, it 
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may even contribute all of the motor field ampere-turns, in 
which case there will be no current in the horizontal axis of tho 
other winding., A further іпстеавс will cause a reverse current 
to flow in the other winding. for the tendency is to keep Fr 
constant. In Fig. 40 an auxiliary e.m.f. derived from the 
mains with the help of the transformer T is conductively intro- 
duced into the circuit of the commuted winding; its magnitude 
and phase are such that the burden of the motor ficld produc- 
tion is shifted to the commuted winding, and the phase of the 
motor field it produces, is adjusted to improve the power factor 
of the motor. 


Two-Phase Shunt-Induction Commutator Motor (with Stator- 
Excitation). Fig. 41. 

This machine really consists of two static transformers with 
primaries disposed on the stator and displaced by 90 electrical 
deyrees from each other, and a common secondary rendered 
inductively responsive along the axis of cach primary by means 
of pairs of short-circuited brushes. Each stator winding is 
connected to one phase of the supply, inductively conveys 
working encrgy into the rotor along its own axis by means of 
a transformer flux, and neutralizes, by transformer action, the 
armature ampere-turns it induces in its own axis. The trans- 
former flux in one axis cooperates with the rotor ampere-turns 
in the other axis to produce one half of the motor torque; the 
other half being due to the interaction of the transformer flux 
in the second axis with the rotor ampere-turns in the first. 
Each transformer flux therefore also does duty as a motor field. 
Under speed, a back e.m.f. 15 generated in each rotor axis by 
rotation in the transformer flux at right angles to it. While 
the armature reaction fluxes R, R: are neutralized, yet the 
coaxial rotor leakage fluxes are not. By rotation of the rotor 
conductors in the vertical rotor leakage flux, a compensating 
e.m.f. is generated in the horizontal rotor axis, appears at the 
brushes аҙ а4, and 15 of such a phase as to reduce the impedance 
of the horizontal axis. The impedance of the vertical rotor 
axis is similarly reduced by an e.m.f. appearing at the brushes 
a, as and generated by rotation of the rotor conductors in the 
horizontal rotor leakage flux. The machine clearly has self- 
compensating properties, but the e.m.fs. in question cannot 
reach a value sufficient to raise the power factor to unity. The 
normal speed of the machine is very near the synchronous. 
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Compensated Two-Phase Shunt Induction Commutator Motor 
(with Stator-Excitation). Fig. 42. 

This motor differs from the foregoing in that an auxiliary 
e.m.f. in quadrature with the induced working e.m.f. is con- 
ductively introduced into each of the rotor working or armature 
circuits by means of the transformers Ті and T>. The direction 
of each auxiliary e.m.f. is chosen to reduce the impedance of the 
rotor axis to which it is applied. The power factor of the ma- 
chine can be adjusted by adjusting these compensating e.m.fs. 


Fic. 42—COMPENSATED Two-PHAsE SHUNT INDUCTION 
COMMUTATOR MOTOR (WITH STATOR-EXCITATION) 


Two-Phase Shunt Induction-Conduction (Commutator) Motor 
(with Stator-Excitation). Fig. 43. 

This differs from the foregoing motor in that an auxiliary 
e.m.f. in phase with the induced working e.m.f. is conductively 
introduced into each of the rotor working circuits by means of 
the transformers Т, and Ts. By this means the effective work- 
ing e.m.f. in each rotor axis can be adjusted independently of 
the transformer fluxes and the speed of the machine made to 
differ from the synchronous. These speed-regulating e.m.fs. 
should of course, either assist the induced working e.m.fs. in 
both axes or oppose them in both. 


Two-Phase Shunt Induction Motor (with Stator-Excitation) - 
Fig. 44. 
This machine is the squirrel cage equivalent of the commu- 
tator motor shown in Fig. 41, and stands in the same rela- 
tion to it as does Fig. 39 to Fig. 34. 
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Compensated Two-Phase Shunt Induction Motor (with Stator- 
Excitation). Fig. 45. 

This is a combination of the compensated commutator motor 
of Fig. 42 with the squirrel cage motor of Fig. 44. Тһе trans- 
former in each axis has two secondaries with differing impe- 
dances, that of the squirrel саре is adjusted automatically and 
is beyond the control of the operator, that of the commuted 
winding is under control. The current in the first can never 
lead the working e.m.f. impressed on it. The current in the 
second can be made to lead the working e.m.f. impressed on the 
commuted winding. The secondary with the lower impedance, 


Fic. 43—-Two-PHASE SHUNT INDUCTION- Fic. 44 — Two- PHASE 
CONDUCTION (COMMUTATOR) MOTOR (WITH SHUNT INDUCTION MOTOR 
STATOR-EXCITATION) (wirH STATOR-EXCITATION) 


i.e., With the commuted winding, will carry the greater number 
of ampere-turns. Unity or leading power factor can only be 
obtained by causing the current in each axis of the commuted 
winding to lead the induced working e.m.f. in that axis. Тһе 
stator windings in all these machines should be distributed, and 
the stator should have no defined polar projections. 


Neutralized Two-Phase Shunt Conduction (Commutator) Motor 
(with Stator-Excitation). Fig. 46. 
Working energy is conductively conveyed to the rotor from 
phase 1 along one axis, and from phase 2 along an axis displaced 
by 90 electrical degrees from the first. The rotor ampere- 
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turns, or the reaction fluxes R, R: thus set up in each axis, are 
conductively neutralized by means of the stator windings N, 
and №. Тһе motor field winding F, located coaxially with the 
rotor circuit connnected to phase 1, is fed from phase 1. The 
motor field winding F, displaced by 90 clectrical degrees from 
F,, is fed from phase 2. The motor flux set up by the field wind- 
ing connected across one phase cooperates to produce one 
half the motor torque with the rotor ampere-turns produced 
by the other phase, and vice versa. Rotation of the rotor con- 
ductors in the rotor leakage flux in one axis generates in the 
other a speed e.m.f. which reduces the impedance of the work- 
ing circuit of this other axis, and vice versa. Since working and 


Fic. 45—CoMPENSATED TWO-PHASE SHUNT INDUCTION 
Моток (WITH STATOR-EXCITATION) 


exciting currents are independent of each other, the machine 
must have a shunt characteristic. This motor is not self-com- 
compensating. Armature and field circuits being quite inde- 
pendent, the speed of this machine can be set to any desired 
value. No défined polar projections should be used, and the 
neutralizing windings should be distributed so as to follow 
the distribution of the ampere-turns in the corresponding rotor 
axis. 
Neutralized and Compensated Two-Phase Shunt Conduction 
(Commutator) Motor (with Stator-Excitation). Fig. 47. 
This motor differs from the foregoing one in that two e.m.fs. 
are impressed on each of the field windings Ғі and Fx. To 
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the motor flux producing e.m.f. impressed on F, and derived 
from phase 1, is added a compensating e.m.f. derived from 
phase 2 by means of the transformer Т» and adjusted to improve 
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Fic. 46-—NEUTRALIZED TWoO-PHASE SHUNT CONDUCTION 
(COMMUTATOR) MOTOR (WITH STATOR EXCITATION) 


the power factor in the rotor circuit fed from phase 2. To the 
motor flux producing c.m.f. impressed on Fs and derived from 
phase 2, is added a compensating c.m.f. derived from phase 1 


Fic. 47—NEUTRALIZED AND COMPENSATED Two-PHASE SHUNT 
CONDUCTION (COMMUTATOR) MOTOR (WITH STATOR-EXCITATION) 


by wav of the transformer T, and adjusted to improve the 
power factor in the rotor circuit fed from phase 1. In all other 
respects this machine 15 identical with that shown in Fig. 46. 


996 | FYNN: A-C. MOTORS [June 29 


REMARKS 
It is believed that all the principal forms of alternating- 
current motors have been classified; if any have been omitted, 
it is due to inadvertance. The term ''repulsion motor" has 
not been applied to any one of the machines dealt with. Тһе 
reason is that the author does not know the definition of this 
term as applied to motors. and 1s quite sure that the machine 
to which it was first applied, in 1887, does not operate by virtue 
of any “ repulsion” effect or phenomenon as understood from 
the vear 1820 to the present day. This matter was discussed 
at some length in a series of articles which appeared in The 
Electrican (London) in 1906, and which have since been re- 
printed in book form.* Intervening years having only served 
to confirm the conclusions then arrived at, some of the state- 

ments then made, are now repeated. 
The term “ repulsion motor" is first found in Elihu Thomson's 
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U. S. Patent No. 363,185 of 1887. The form of Thomson's 
motor as described and illustrated in that specification, is 
shown in Fig. 48. Within the stationary coil S is mounted a 
pivoted coil Y, the two ends of which are each connected to a 
segment of a commutator. These segments are diametrically 
disposed, and are insulated from each other; brushes b b short- 
circuited by the short conductor r, bear on these segments. 
Each segment extends for this two-pole motor over a little less 
than one quarter of the periphery. When the two coils are 
concentric, t.e., when the axes y and s coincide, and S is con- 
nected to an alternating-current supply, there is no torque 
even if Y is short circuited, and although a heavy current will 
under such conditions be induced in that coil. When Y is at 
right angles to S, 1.6., when the axes y and s are perpendicular 


*The Classification of А. C. Motors, by V. А. Fynn. “ Тһе Elec- 
trician" Printing & Publishing Co., Itd., London. 
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to each other, there is no torque and no current in Y even if 
short circuited. In the intermediate positions, t.e., for any 
values of œ between 0 and 90 degrees, a torque will be exerted 
in the direction shown by the arrow. 

Among the experiments described in the specification referred 
to as having led up to the motor shown in Fig. 48, is that illus- 
trated in Fig. 49, where a coil S, connected to an alternating 
supply and having an iron core, is said to exert a “ repelling” 
effect оп а closed coil C disposed in a plane parallel to 
the convolutions of the сой 5 and shown in section in 
Fig. 49. This statement is, of course, perfectly correct, 
and it is evident that it is the effect to which it refers 
that led the inventor to apply the term “repulsion motor" 
to the machine shown іп Fig. 48. But the special conditions 
under which coil C in Fig. 49 1s repelled by coil S do not obtain 
in the motor shown in Гір. 48. In Fig. 49 the “ repelling” 
effect exerted on coil C is of the same direction and magnitude 
all along the circumference of the coil, as indicated by the small 
arrows 1 and 2, with the result that coil C will move away from 
coil S while keeping parallel to 11. If coil C were pivoted on an 
axis O passing through its center, and parallel to the convolu- 
tions of S, there would be absolutely no tendency for that coil 
to rotate, but the “ repulsion” effect would tend to bend the 
shaft and the coil. When in Fig. 48 the convolutions of coil 
Y are parallel to those of 5, that is, when the axes y and s coin- 
cide—reproducing in this figure as nearly as thev can be re- 
produced, the conditions obtaining in figure 49—then there is 
and can be no rotation between coils Y and S, but there is “ re- 
pulsion” between the two, owing to which, coil S tends to expand 
while coil Y tends to contract. Тһе only “repulsion” effect 
present in the machine shown in Fig. 48, contributes nothing 
to the rotation of the free member and merely tends to destroy 
the apparatus. 

As a matter of fact the effect illustrated 1n Fig. 49 1s nothing 
else but that discovered іп 1820 by Ampere, and which he sum- 
med up somewhat as follows: parallel circuits ‘“‘ attract" each 
other if traversed by currents flowing in the same direction, 
and “тере!” each other if traversed by currents flowing in 
opposite directions. This rule applies to a special case of that 
electrodynamic action which 15 illustrated in Fig. 50 and which 
forms the basis of every dynamo or motor whether of the con- 
tinuous or of the alternating type. A conductor, A, through 
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which a current flows, for instance, upwards through the paper, 
as indicated by dot, when immersed in a field F directed from 
top to bottom of the paper, will tend to move to the right. 
Ampere’s rule is illustrated in Figs. 51 and 52, which show re- 
spectively the “attraction?” and the “repulsion” of parallel 
circuits. The rule illustrated in Fig. 50, when applied to Figs. 
51 and 52, explains this behavior, it being only necessary to 
remember that if in Fig. 50 the direction of the current through 
A or the direction of the ficld F is changed, then the direction 
of the torque exerted on A will be reversed. Taking Fig. 52 
we have the current in conductor A producing a field of the 
direction indicated by the full concentric lines, these lines cut 
conductor B, and according to Fig. 50 this conductor B will 
move to the right; similarly the ficld produced by B (dotted 
lines) acting on A will cause the latter to move to the left, hence 
the “repulsion.” Ampere very correctly restricted his rule to 


=з сы 


lic. 50 Fic. 52 


parallel circuits, and the author can sce no reason for altering 
this now, by describing as ‘ repulsion” the effect responsible 
for the operation of a particular type of single-phase motor in 
which there are no interacting parallel circuits. 

Of course Ampere’s rule holds good for alternating currents 
as well as for continuous currents; in the former case, however, 
the magnitude of the “© repulsion” or “ attraction" also depends 
on the relative phase of the currents in the two conductors, 
just as the torque exerted on A in the more general case of 
Fig. 50 also depends on the relative phase relation between the 
field F and the current in A. One true example of the applica- 
tion of Ampere's “ repulsion” effect in alternating-current prac- 
tise is to be found in the constant-current transformer with 
movable secondary coil, one form of which is shown in Fig. 49. 
In this figure, one component of the current in coil S goes to 
excite the ficld M which conveys the secondary current into 
coil Y by induction; the other component 15 equal and opposed 
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to that secondary current. The secondary current in Y and 
the component in S neutralizing the effect of that secondary 
current, are of opposite phase, which is equivalent to the same 
phase but opposite direction, and are responsible for the major 
part of the '' repulsion" effect. 

The operation of the motor 1n Fig. 48, like that of any other 
electrodynamic motor, is due to the clectrodynamic action 


Fic. 53 Fic. 54 


illustrated in Fig. 50, but not to the special case of same dis- 
covered and characterized by Ampere. 

Returning to the consideration of Thomson’s original motor, 
shown in Fig. 48, it is clear that its operation will not be altered 
in principle, if the brushes are displaced in the manner shown 
in Гір. 53; the direction of rotation will, however, be reversed. 
The principle of operation will also remain the same if the coils 
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S and Y are embedded in laminations, as shown in Fig. 54. 
Nor will the principle be changed if the single coil Y is replaced 
by a continuous commuted winding such as shown in Fig. 55, 
individual coils of which are short circuited by means of the 
independent brushes b, b. Fig. 55 shows what may be des- 
cribed as the modern form of rotor for the original Elihu Thomson 
motor. Figure 56 only differs from Fig. 99 in that the two brushes 
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b, bs are also interconnected outside of the rotor winding. The 
brushes of this machine, which 1s described in U. S. Patent No. 
389,352 of 1888, short circuit individual coils of the commuted 
winding on the rotor in exactly the manner shown іп the Thom- 
son motor of Fig. 55, but the machine nevertheless revolves in 
the opposite direction, for the reason that a greater and opposite 
torque is produced by the rest of the commuted winding which 
is short circuited by the external interconnection between the 
brushes b; be. Тһе turns short circuited by this external inter- 
connection are equivalent to a single coil on the rotor with the 
axis у” displaced by the angle а” from the axis s of the stator 
winding S. The motor shown in Fig. 56 may in fact be said 
to ‘operate in spite of the arrangement originally relied upon 
by Thomson. | 


To be presented at the 32d Annual Conrention of 
the American Institute of Electrical Engineers, 
Deer Park, Ма., July 2, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


ECONOMIC OPERATION OF ELECTRIC OVENS 


BY PERCY WILCOX GUMAER 


— ——— — — 


ABSTRACT OF PAPER 


The energy losses in an electric oven may be divided into 
radiation and convection loss, preheating loss and the loss due 
to opening the oven door. Each of these losses was determined 
for several electric ovens and their effect on the cost of the 
cooking of various articles of food is discussed. 

With cheap fuels and inefficient stoves it matters little at 
what temperature a particular article of food is cooked if the 
results are satisfactory. With electric cooking, however, it is 
often several cents cheaper to cook an article of food at a par- 
ticular temperature; for instance, with electricity at $.05 per 
kw-hr. it is at least $.02 cheaper to roast beef at 120 deg. cent. 
than at 180 deg. 

The ,results of the experiments performed indicate that for 
each article of food there is a particular time and temperature 
for which the cooking can be satisfactorily performed with a 
minimum amount of energy. 

The problem of the engineer in the further development of 
electric cooking is to design practical cooking devices in which 
the temperature can be accurately regulated with a minimum 
of attention on the part of the housewife and thus co-operate 
with the domestic scientist in the inauguration of truly scientific 
cooking. 


— 


INTRODUCTION 


S THE use of electricity has been extended to new fields of 
endeavor it has been the province of the electrical en- 
gineer to invade these fields with the purpose of studying the 
processes and developing better apparatus. The first step has 
usually been to replace with electricity the former source of 
energy, keeping much of the old type of apparatus. After a 
detailed study has been made of the requirements, however, new 
apparatus is usually developed which incorporates to a greater 
extent the advantages of the new source of energy. 

The first electric ovens were constructed by replacing the 
burners of a gas oven with electric heating coils. © Since the first 
electric ovens were made there has been considerable improve- 
ment in the design and construction of the electric oven. This 
development has resulted in a more reliable piece of apparatus 
and a lower operating cost, but practically no study has been 
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made of the proper conditions for cooking food which make 
for greater convenience and economy of operation. The present 
stage in the development of electric cooking might be compared 
to the conditions which would have obtained, if all the progress 
їп electric lighting had resulted only in increasing the life and 
efficiency of the electric hght without adding in any way to our 
knowledge of the proper arrangement and character of lights to 
use under various conditions. Before the advent of the electric 
light very little was known of the principles of illumination so 
as to obtain the greatest efficiency of operation. Before the 
introduction of electric cooking and even today very little is 
known of the proper conditions of time and temperature to use 
in cooking various articles of food so as to secure the greatest 
efficiency. With cheap fuels and inefficient stoves it makes 
little difference whether a particular article of food 1s cooked 
for half an hour at 200 deg. cent. or for one hour at 150 deg. 
cent. as long as the quality 15 satisfactory. With electric 
cooking, however, the temperature at which food is cooked 
makes a considerable difference in the cost of the cooking. 

It is the purpose of this article to study the operation and 
design of electric ovens, with the view of determining some of 
the factors which will increase the popularity and economy of 
electric cooking. 

APPARATUS USED 

In order to determine the losses of energy in electric cooking 
and the best methods of preparing various articles of food in 
electric ovens, tests were made on three commercial ovens and 
an experimental oven. Each commercial oven was selected as 
representing a general tvpe of electric oven in use for domestic 
cooking. 

Oven No. 1, as shown in Fig. 1, is a large range sui able for 
a good size family. The inside dimensions of the oven аге 12 
in. by 12 in. bv 18 in. Two heating units are used, one in the 
top and one in the bottom of the oven. Fach unit consists 
of two heating coils controlled from a snap switch on the front 
ot the oven so as to consume 220, 440, or 880 watts. Fron: one 
to two inches of mincral wool is used as heat insulation. The 
outside surface of the oven is blued steel with nickeled legs and 
trimmings. The oven door 15 12 by 18 inches and 1.5 in. thick. 
It fits tightly and clamps securely in place when shut. "Three 
heating units are also placed on top of the stove for the cooking 
which is not done in the oven. Fig. 2 is a cross-section of the 
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oven through the center showing the position of the heating 
coils and the thermo-couple used to measure the temperature. 

Oven No. 2, as shown in Fig. 3, is a small well insulated oven 
suitable for a small or medium size family. The inside dimen- 
sions of the oven are 9.5 in. wide, 10 in. deep, and 12 in. high. 
The inside finish is seamless drawn aluminum and the outside 
is blued steel with nickeled trimmings. Two and one-half 
inches of mineral wool is used for heat insulation. An iron- 
clad heating element is placed in the bottom of the oven. 
The heating element consumes 500 watts when connected to a 
110 volt circuit. The heat cannot be turned partly off as there 


Fig. 2——CRoss SECTION OF Fic. 4—ChRoss-SECTION OF 
OVEN No. 1 OvEN No. 2 


is only one heating element. There is no heating unit in the 
top of the oven. Underneath the oven 1s an automatic temnera- 
ture control which may be set at various values by means of a 
dial. Тһе dial is graduated in arbitrary numbers from one to 
eleven. When the handle of the dial is set at a given number 
a thermostat will open the circuit of the heating element as 
soon as the inside of the oven has reached a certain temperature. 
As the oven cools the thermostat must be reset by hand by pushing 
the handle of the dial. Fig. 4 is a cross-section of the oven 
through the center showing the position of the heating coil and 
the thermo-couples. 

Oven No. 3 is one of the well known makes of fireless cookers 
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with a heating element placed underneath the inner lining. The 
inside dimensions are 10.5 in. deep and 12.5 in. diameter. The 
inside lining is seamless drawn aluminum and the outside finish 
is varnished oak. Тһе sides and bottom are insulated with 
powdered kieselguhr while the cover is insulated with granulated 
cork. Fig. 5 is a cross-section of the oven showing the position 
of the thermo-couple and heating coil. Тһе oven uses 500 
watts at 110 volts. There is no method of turning the oven 
partly off. | 
Oven No. 4 was constructed by the author so as to obtain data 
on the characteristics ot an especially well insulated oven. Тһе 
inside dimensions were the same as oven No. 2. A 220-, 440-, 
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Fic. 5— CROSS-SECTION OF Fic. 6— CROSS-SECTION OF 
OvEN No. 3 OvEN No. 4 


880-watt heating unit was placed in the bottom of the oven and 
a 440-watt heating unit was placed in the top as shown in Fig. 
6. Sheet iron was used for the inside lining of the oven. A 
four-in. laver of a commercial brand of diatominous insulating 
brick was used for insulation. Later four in. of cork board was 
added as shown in the drawing. This was put on with cement 
and no outside covering was used except on the front and the 
door which were covered with wood. 

The temperature of the ovens was measured Бу means of 
copper-constantan thermo-couples. An indicating galvanometer 
and a recording galvanometer were used to determine the e.m .f. 
of the thermo-couples. Тһе recording galvanometer traced а 
curve by intermittent contact on a circular smoked chart. 
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Both the indicating and the recording palvanometer were cali- 
brated for the copper-constantan thermo-couples by means of 
mercury thermometers certified by the Bureau of Standards. 
The calibration was made by slowly heating the thermo-couple 
and thermometer in an oil bath. 

In the oven the wires of the thermo-couple were enclosed in 
a glass tube and separated by mica. Outside the oven they were 
enclosed in rubber tubing. Тһе cold junction was kept at 
zero degrees cent. by immersion іп ice water. Туғо thermo- 
couples were used in series so that a larger deflection was obtained 
and as the hot junctions were in different parts of the oven the 
temperature recorded was a mean of the two values. 

In oven No. 1 an extra thermo-couple was inserted for measur- 
ing the internal temperature of food. Тһе wires entered the 
oven through two glass bushings and were left bare except for 
a three-in. glass tube at the end which was inserted in the food. 


THE PURPOSE OF COOKING 


Before discussing the problems which must be solved before 
an ideal electric cooking device can be perfected, a word about 
the purpose of cooking foods will not be out of place. Briefly 
stated, the objects of cooking food аге:[ (1) to render it more 
digestible so that the digestive organs can more easily digest and 
absorb the nutrient parts, (2) to make the food more appetizing 
by improving its appearance and by developing in it new flavors, 
(3) to sterilize it so that it will keep longer. Тһе relative im- 


portance of each purpose depends upon the article of food which | 
is to be cooked. For example in the cooking of animal foods 


the improvement of the flavor and the appearance is the most 
important. The cooking of these foods which are rich in protein 
actually decreases their digestibility. This is true at least of 
the chemical processes of digestion, but the increased attractive- 
ness of well cooked meat may render it indirectly more di- 
gestible by causing a greater flow of the digestive juices. 

The effect of heat on the protein of foods is to coagulate it. 
This change occurs at the comparatively low temperature of 
75 deg. cent. If the temperature is increased much above this 
point the protein tends to shrink and harden, and the digestibility 
of the food 1s greatly lessened thereby. 

The effect of heat on the starch of foods is to make it more 
digestible. In many vegetables and unground cereals the 
starch grains are enclosed in woodv, fibrous, or cellulose walls 
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which are but slightlv affected by the digestive juices. "The 
effect of cooking by the application of moist heat is to cause the 
starch grains to swell and finallv to rupture the cellulose walls. 
The starch is then said to be gelatinized. This process occurs 
at tempcratures much below the boiling point of water. Тһе 
investigations of the U. S. Department of Agriculture show that 
starch cooked below the boiling point is as easy to digest as 
starch that has been boiled.! 

The fat of foods 1s practically unaffected chemically bv the 
degree of heat used in cooking? 

The ideal preparation of food for human use requires that the 
nutriment which it contains shall be utilized to the fullest extent. 
Not only should the food be in such a state that the diges- 
tive juices can best act on it, but these digestive juices should 
be properly stimulated to do their work, by improving the 
taste or flavor of thc food. 

The present day problem is to determine the methods of cook- 
ing which will vield the most in nutrition and flavor with a 
minimum expenditure of fuel and labor. The solution of this 
problem will require careful research. by the physiological- 
chemist, the domestic scientist, and the manufacturer of cooking 
apparatus. Taking into consideration the results of experiments 
on the digestibility of foods cooked in various ways, the problem 
of the domestic scientist is to definitelv determine the range 
of temperatures and the time of cooking at each temperature 
for all classes of food. Effects of quality and proportion of 
ingredients, size of utensils and other variables must be studied 
so that definite rules and tables can be worked out giving the 
most desirable times and temperatures of cooking any article 
of food. 

The problem of the electrical engincer is to determine, from 
the range of temperatures for cooking any article of food, the 
particular temperature which 1s the most economical. He must 
also perfect an electric coolóng apparatus which will maintain 
the desired temperature with a minimum amount of attention, 
and which will be low 1n the first cost and economical 1n operation. 


ГоѕѕЕ5 or ENERGY IN ELECTRIC OVENS 
During the past century there has been a great advance in 
the methods of applying heat to food. Each improvement has 


1 U.S. D. A. Bul., No. 202. 
2. U. S. Dept. of Ayr. Farm Bul., No. 526, p. 14. 
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resulted in less of the heat energy being wasted and in more 
being absorbed by the food. Each step, from the open fire- 
place to the coal range, to the gas stove and finally to the electric 
oven has been marked by the use of morc expensive fuel, greater 
heat efficiency, and better control of the heat. | 

Except in a few localities, for the same number of heat units 
delivered at the meter, electricity is more expensive than gas 
or coal. Hence, it 15 only by studying carefully the most eco- 
nomical features of design and operation of electric cooking ap- 
paratus that electricity will be able to compete with gas and coal. 


M 
о 
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CONVECTION - RADIATION. WATTS PER SQ. C.M. 


100 150 
TEMPERATURE , DEGREES CENT 


Fic. 7— ГОТА, LOSSES FROM HEATED SURFACES IN AIR. CONVECTION 
Loss 15 FOR VERTICAL SURFACES 
1. Black body. 3. pure silver 
2. oxidized copper 4. Convection only 


A study of the heat losses in cooking*is, therefore, of considerable 
importance to the designer of electric cooking apparatus. 

Convection and Radiation. Тап electric oven is supplied with 
heat at a constant rate, say 1000 watts, the tempcrature of the 
oven will increase rapidly at first and then more slowly until 
it finally reaches a constant value. From the law of the con- 
servation of energy it follows that if there is no food in the 
oven the same amount of energy is lost into the room as 1s 
supplied by the heating coil. This heat 15 lost іп two ways by 
convection and by radiation. 

The radiation loss consists of waves of energy similar to light 
waves but of different length. The amount of the energy 
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radiated depends upon the nature of the surface the temperature 
of the surface and the temperature of the surroundings. It is 
independent of the shape of the radiating surface. The con- 
vection loss, however, depends upon the shape and the position 
of the surface as well as the temperature of the surface and the 
surroundings. It is independent of the nature of the surface. 

The radiation and convection losses from horizontal and verti- 
cal plane surfaces have been determined by Langmuir? for various 
materials. Fig. 7 shows the convection and radiation losses 
for vertical plane surfaces for temperatures up to 250 deg., the 
highest used in cooking. 

As shown by the curves, the radiationloss from a black body 
constitutes a large part of the total loss, while the radiation from 
a polished silver surface forms but a small part of the total loss. 
For all other surfaces the radiation loss lies between that of a 
silver surface and a black surface; the convection being the same 
for all surfaces. 

There are two wavs in which the heat loss of an electric oven 
may be reduced. Consider an oven of given inside dimensions 
built on the plan of an ordinary gas oven, with a black outside 
surface and no heat insulation. The temperature of the out- 
side surface will be within a few degrees of the temperature of 
theoven. Alarge amount of energv will be required to maintain 
a cooking temperature inside the oven. Since the convection 
and radiation losses depend on the temperature of the outside 
surface the losses will be greatly reduced if this temperature сап 
be decreased. If the inner and the outer surface of the oven 
are separated a few inches and the intervening space filled with 
a poor conductor of heat such as mineral wool, kieselghur, or 
poplox, there will be a large drop in temperature betwcen 
the inner and the outer surfaces, because the heat will be con- 
ducted very slowly away from the hot interior. 

Suppose that enough heat insulation were introduced to re- 
duce the outside temperature from 200 deg. to 110 deg. cent.; 
the watts lost per sq. cm. of outside surface would be reduced 
from 0.37 to 0.12 as shown by the curves of Fig. 7. Stated in 
another way, the energy required to maintain the inside tem- 
perature of the oven at its former value would be reduced from 
1000 watts to 325 watts fer the same outside surface. For the 
same inside dimensions, however, the area of the outside will 
be larger because of the added insulation and hence the energy 
will be slightly greater than the above value. * 

3. Trans. of Am. Electro-Chem. Soc., Vol. 22, р. 299 (1913). 
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Another method of reducing the heat losses would be to 
silver plate the outside of the oven. The heat loss would then 
be decreased from 0.37 watts per sq. cm. to 0.13, or the energy 
required to maintain the same inside temperature would be 
. reduced from 1000 watts to 350 watts. By a combination of 
the two methods the input of the oven for the required internal 
temperature would be reduced from 1000-watts to 165 watts. 

To silver plate the outside surface of an electric oven would 
be too expensive to be practical, but there are cheaper surfaces 
which radiate a small amount of energy compared to the ordinary 
black oven. -A white enameled surface for instance would be 
‘much more efficient than the black surface. A place in which 
nickel plating could be used to good advantage would be around 
the edge of the oven door. Because of the good heat conduc- 
tivity of the metal which connects the inner and outer surfaces 
of the oven around the door, the outside temperature of the oven 
is considerably higher around the edge of the door than else- 
where on the outside. If the nickeled plating now used on the 
legs and the corners of the stoves were put around the edge 
of the door, it would help to decrease the losses and the cost of 
the oven would be no greater. 

The heat losses from an electric oven can be easily determined 
by measuring the energy input and the temperature after the 
equilibrium conditions are established. The heat losses for 
the ovens tested were obtained in the following manner: A 
thermo-couple inside. the oven was connected to a recording 
galvanometer. A given amount of energy was turned on so 
that the temperature of the oven increased, until finally, the 
heat lost equalled the energy measured by the wattmeter. The 
tests were continued until the oven temperaturé had remained 
constant for at least two hours. This was repeated for other 
values of energy input and curves were plotted between oven 
temperature and watts input as shown in Fig. 8. It will be 
noticed that the curves obtained are straight lines, all cutting the 
temperature axis at room tempcrature. Although very exact 
measurements might show a slight upward tendency at higher 
temperatures, the present results with a maximum error of 2 
per cent are sufficient for practical use. 

Since the character of the surface and the outside area will 
remain constant for a particular oven the above curves showing 
the relation between oven temperature and the energy lost by 
radiation and convection should be similar to the curves shown 
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by Langmuir (Fig. 7). The apparent discrepancy can be ac- 
counted for in that the greatest outside temperature of the ovens 
tested was only 80 deg. cent. and below that temperature Lang- 
muir’s curves do not depart perceptibly from a straight line. 

As will be shown later, the temperature energy curves of 
Fig. 8 are very useful in comparing the economy of various 
ovens for the cooking of any article of food. Since one point 
of the curve will be zero energy at room temperature, only one 
determination is necessary to plot the curve for any particular 
oven. For a given room temperature, measure the watts input 
and the temperature of the oven after it has become constant. 


10 150 200 
OVEN TEMP CENT. DEG. 
F16.5— ENERGY REQUIRED TO MAINTAIN OVENS AT CONSTANT TEMP- 
А ERATURE 

A straight linc between this point and a point on the temperature 
axis will give the heat lost from the oven at any oven tempera- 
ture. These results give the energy lost through the insulation 
and the metal around the edge of the door. 

Preheating. The heat losses of an electric oven may be sepa- 
rated into the losses occurring before and after the food is inserted 
in the oven. In many kinds of cooking such as baking biscuits 
and cake the food must be placed in a hot oven as soon as it is 
prepared. Since for domestic purposes an oven is never used 
continuously, it cools off during the interval in which it is idle. 
Before it can be used again the inside of the oven and the en- 
closed air must be heated up to a cooking temperature. This 
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operation is called preheating. The amount of energy required 
to preheat an oven to the desired temperature depends on the 
insulation of the oven, its size and the thermal capacity of the 
inside, and the size of the heating coils. The amount of energy 
required to preheat the ovens tested was obtained by taking 
simultaneous readings of the temperature and the watt hour 
meter. Fig. 9 shows the results obtained. It will be noticed 
that although oven No. 4 was better insulated than oven No. 2 
it required more energy for the preheating. "This was probably 


| 


i“ 


WATT-HOUR 


1 
OVEN TEMP. CENT. DEG. 
Fic. 9—ENERGY REQUIRED TO PREHEAT OVENS 


due to the greater heat capacity of the inside lining and the 
insulation. The effect of too small a heating coil is shown for the 
curve for oven No. 3. For high temperatures, the energy re- 
quired for preheating this oven is altogether too large for the 
size of the oven. The time required for the oven to reach a 
baking temperature of 250 deg. cent was 2.5 hours. In erder 
that the electric energy for preheating shall be as small as possible 
the inner parts of the oven should have as small heat capacity 
as 15 practical and the heating coils should be large enough to 
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heat the oven to the desired temperature in a fairly short time. 
If the time required for the oven to reach the desired cooking 
temperature is excessive not only is there a delay in the cooking 
operation but a larger amount of the energy is lost into the room 
Бу radiation and convection during the preheating 

Heat Loss when the Oven Door 1s Opened. In preparing 
food which cannot be placed in a cold oven and heated gradually, 
there is a loss of heat when the oven door is opened. The amount 


WATTS INPUT 


OVEN TEMP CENT. DEG. 


Fic. 10—ENERGY REQUIRED TO MAINTAIN CONSTANT AVERAGE TEM- 
PERATURE OF OVEN No. 1, DooR OPENED 15 SEc., 3-MIN. INTERVALS 


of this loss and the fall of temperature of the oven were deter- 
mined for oven No 1 as follows: the energy input was measured 
by means of a watt meter and was kept constant for each test. 
The temperature of the oven was obtained by means of a thermo- 
couple and the recording galvanometer. The variation of the 
temperature when the oven door was opened for 15 sec. at 3 
min. intervals was determined. Тһе average temperature 
gradually changes and finally reaches a constant value. А curve 
plotted between these average temperatures and the energy 
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input is shown in Fig. 10. "The difference between the ordinates 
of this curve and the similar curve obtained with the door closed 
evidentlv represents the energv lost by opening the door. 
From these values the energy lost each time the door is opened 
is readily calculated. Бір. 11 shows the watt-hours lost each 
time the door of oven No. 1 is opened for 15 sec. and the fall : 
in temperature of the oven when the door is opened at different 
oven temperatures. 
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Fic. 11—EFFECT OF OPENING Поов OF OVEN No. 1 For 15 SEc., UPON 
ENERGY LOST AND FALL IN TEMPERATURE OF THE OVEN 


EXPERIMENTS IN ROASTING BEEF 


Meat may be cooked by any of the methods in common 
use for the cooking of food of which the most important are: 
roasting, baking, frying, broiling, stewing, and boiling. Until 
recently there has been little known concerning the scientific 
principles of cooking meat. Since there has been no uniformity 
in the processes of cooking the terms vary widely in their mean- 
ing. Roasting which was formerly applied to cooking over 
red hot coals is now used synonymously with baking or cooking 
in an oven by means of dry heat. Stewing and boiling have not 
been clearly defined. Both apply to the cooking of meat when 
immersed in hot water. Тһе present tendency in scientific 
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literature is to use the term boiling when meat is cooked in 
hot water at any temperature and to specify the exact tempera- 
ture азса.  Broiling and frying will not be discussed in this paper, 
as it is impractical to utilize the advantages of an insulated elec- 
tric oven for preparing the meat by either method. 

There 15 а wide diversity of tastes in reyard to the proper 
degree of cooking of a meat roast. Some people prefer that 
meat should be heated only enough to slightly change the color 
of the interior of the meat while others prefer the meat to be 
cooked until every trace of the pink color has disappeared. This 
difference in taste causes a corresponding variation in the mean- 
ing of the terms used to describe the degree to which meat shall 
be cooked. The meat which one person calls rare is medium 
rare to another, and oftentimes meat which is actually raw 1s 
served as rare. 

In this paper the terms rare, medium rare, апа well done 
are used to indicate the same degree of cooking as defined by 

Miss E. C. Sprague. Тһе definitions are as follows: 

Rare or underdone meat. Іп the center of a rare roast the dull bluish 
red characteristic of raw meat has changed into the bright rose red 
of rare meat. This shades into a lighter pink toward the outer portions 
and changes into a dark gray in the layer immediately underlying the outer 
brown crust. Тһе ideal standard for rare meat requires that the larger 
portion shall have heen heated only enough to effect this change to rose 
red, so that the outer brown crust and the intermediated grey layer shall 
Бе аз thin as possible. Under these conditions there will be a liberal 
quantity of bright red juice. 

Well done meat. If the cooking is continued for a sufficient length of 
time, instead of being distended the meat shrinks noticibly. Тһе whole 
interior is found to have become а brownish grav in color and the juice 
is scanty and either colorless or slightly vellow. Meat cooked to this 
degree is said to be well done. 

Medium rare meat. A condition between these two extremes is in- 
dicated by the term medium rare. In this case sutficient heat has 
been applied to change the color of the center to a light pink. The gray 
laver underlying the crust has therefore, extended considerably towards 
the center. Тһе free juice is smaller in quantity and lighter in color 
than in the rare meat. 


The experiments of Grindly and Sprague have demonstrated 
that beef can be satisfactorily roasted at an oven temperature 
anywhere between 100 deg. and 200 deg. cent. А beef roast 
prepared at any temperature within this interval was found to 
be well browned and attractive looking. Мо diflerence was 


4. University Studies, Univ. of Ill., Vol 2, No. 4, p. 4. 
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discernible in the tenderness of duplicate roasts cooked at the 
extremes of temperature. In thcir opinion, the flavor and 
juciness of the meat was slightly better at the lower temperatures, 
whereas at the higher temperatures the drippings’ were better 
flavored and larger in quantity. 

Since a roast of beef can be properly prepared at any tempera- 
ture between 100 deg. and 200 deg. cent., the most satisfactorily 
temperature within this interval can be determined only by the 
consideration of other factors, of which the time of cooking and 
the cost of cooking are the most important. In order to de- 
termine this most economical temperature for roasting a rolled 
rib roast, a series of experiments were performed. 

Twenty-two roasts consisting of the third and fourth standing 
rib cuts, were obtained from the local market. The meat was 
freed from bone and tightly rolled and secured with wooden 
skewers. Samples were roasted at 100, 120, 140, 160 and 180 
deg. cent. Тһе time required for the cooking and the amount 
of energy used at each oven temperature was measured. From 
these values the most economical temperature for roasting a 
rolled roast was determined. 

In order to get uniform results in the degree of cooking the 
meat, it was necessary to decide on a rather exact method of 
determining when the meat was sufficiently cooked. As men- 
tioned before the aim in cooking meat is not to increase its diges- 
tibility but to improve its flavor and appearance. This 1s 
accomplished by decomposing the red coloring matter called 
oxyhaemoglobin which removes the raw appearance of the meat. 
The inside of the roast should be heated sufficiently to accomplish 
this without overcoagulating the proteids or removing from the 
meat those substances which tend to become soluble or volatile 
upon the application of heat. 

Grindly and Sprague® found that if the inner temperature 
of a roast is between 55 and 65.deg. cent. the meat will be rare, 
if it is between 65 and 70 deg. cent. it will be medium rare, and 
if between 70 and 80 deg. cent. it will be well done. In order 
to secure as much uniformity as possible in the results, a definite 
temperature rather than a range of temperatures was taken as 
the indication of when the meat was sufficiently cooked: 55 
deg. cent. was used for rare, 65 deg. for medium rare and 75 
deg. for well done. 

It is not always possible to obtain the exact inner temperature 


5. Univ. of Ill. Bul., V. 2, p. 290. 
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to a degree, because if the roast is taken out of the oven when the 
inner portion of the meat is at some particular temperature say 
60 deg. this temperature will not begin to decrease immediately, 
but will first increase several degrces before it begins to decrease. 
This increase of temperature after the roast is removed from 
the oven depends upon the temperature of the oven in which 
the meat is cooked, being greater for a high oven temperature. 

А copper-constantan thermo-couple was used to measure the 
temperature inside the roasts. Тһе thermo-couple was con- 
nected to the recording galvanometer which gave a continuous 
record of the temperature inside the roast. 

Тһе authorities on meat cooking recommend that a roast be 
cooked for the first 10 or 15 minutes at an oven temperature 
of 250 deg. cent. so as to sear the outside of the meat. Тһе 
theory is that the coagulation of the outer surfaces of the 
meat will act as а seal to keep in the meat juices and volatile 
flavors. А consideration of the heating curves of the electric 
ovens discussed in the first part of this paper, shows that to 
heat an oven up to 250 deg. cent. and to keep it there for 15 
minutes will increase the cost of the clectricity for roasting the 
meat about 50 per cent. In order to reduce this extra cost of 
energy another method was tried which proved very successful. 
Instead of searing the meat in the oven at a high temperature 
it was seared on the top of the stove or rather bv placing the 
meat in an aluminum dish over an 880-watt heating coil. 
The current was turned on for three minutes to get the dish 
quite hot. The meat was then placed in the hot dish and seared 
for ten minutes, being turned frequently so as to sear all sides. 

After searing an incision was made in the roast with a sharp 
narrow bladed knife, and the thermo-couple was inserted as 
near as possible in the center of the large muscle of the roast. 
The roast was then placed in the oven at the desired temperature. 
Placing the roast in the oven lowered the temp. from 10 to 20 
deg. Full current was turned on until the temperature returned 
to the desired value, after that the temperature was kept con- 
stant within 2 deg. cent. 

When the temperature inside the roast indicated the meat to 
be cooked rare, the time and watt-hour readings were recorded. 
This was also done for medium rare and well done.. As soon 
as the inside temperature indicated the meat to be well done, 
the roast was taken out of the oven and left on a shelf in front of 
the oven, the leads of the thermo-couple being long enough so 
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that it could still be left inside the meat. The meat was allowed 
to stand until the temperature had reached its maximum value. 
After being weighed and cooled on ice it was cut into and 
examined. ` 


TABLE IV. 
Temp. of oven Time of cooking of meat roasts in minutes. 
cent. degrees. i 
Rare 

100 121 122 120 121 Ave. 
120 107 89 97 908 “ 
140 99 76 71 82 “ 
160 53 71 67 04 “ 
180 80 58 53 03 “ 


Medium Rare. 


100 162 176 170 169 “ 
120 139 114 124 126 “ 
140 111 89 106 102 “ 
160 75 91 86 84 “ 
180 105 82 75 88 <“ 
Well done. 
100 241 ^ . 260 248 250 “ 
120 177 165 172 171 “ 
140 151 124 132 136 “ 
160 164 120 113 112 “ 
180 ` 135 105 113 118 “ 


TIME ОҒ COOKING, MINUTES 


140 
OVEN TEMP. CENT. DEG. 

Fic. 12—ErrECT OF OVEN TEMPERATURE ON TIME OF COOKING OF 
BEEF ROASTS 


rot 


Table IV gives the time of cooking of the roasts for rare, 
medium rare, and well done. Fig. 12 shows the average time 
of cooking plotted against oven temperature. It will be noticed 
that at an oven temperature of 160 deg. cent. the roasts are 
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cooked in a shorter length of time than at 180 deg. This is 
probably due to the fact that the shyhtly charred surface of 
the meat is a poorer conductor of heat. For the well done roasts 
the time of cooking increases rather rapidly as the temperature 


TABLE V. 
Weight before; Weight after 
Temp. of oven cooking cooking Loss in Per cent 1055] Average per 
cent. degrees. grams grams . weight in weight cent loss 
100 1904 1502 402 21.1 
1600 1288 312 19.5 
1760 1392 368 20.9 20.5 
120 ; 1580 1270 310 19.6 
1782 1380 402 22.6 
1824 1434 390 21.4 21.2 
140 1700 1352 348 20.5 
1900 1492 408 21.5 
1820 1414 406 22.3 21.4 
160 1554 1160 394 25.3 
` 1612 1237 375 23.2 
1566 1182 384 24.5 24.3 
180 1628 1220 408 | 25.1 
1832 1335 22-2 497 27.1: 
1814 1300 514 28.3 26.8 


200 — 1805 1244 561 31.0 31.0 


PERCENT LOSS IN WEIGHT 


100 120 140 | 160 180 
OVEN TEMP. CENT. DEG. 


Fic. 13—ErrEcT OF OVEN TEMPERATURE ON Loss iN WEIGHT or RIB 
ROAST 


decreases. Thisgis not a disadvantage, however, if the tempera- 
ture can be obtained automatically without the attention of 
the cook. 

Table V gives the weights of the roasts before and after 
cooking and the per cent loss in weight duc to the cooking. The 
average values of the per cent loss in weight of the roasts іп 
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cooking are plotted in Fig. 13. It will be noticed that the per 
cent loss in weight of the roasts increases with the temperature. 
The curve shows that as far as the losses in cooking a well done 
roast are concerned, meat is best when cooked between 100 and 
120 deg. cent., or possiblv lower. 

Ав the proper facilities wcre not available no attempt was 
made to analyze the drippings obtained at the various tempera- 
tures to determine the proportion of water, protein and fat. Тһе 
appearance of the drippings, how- 
ever, would indicate that there is 
а larger proportion of fat in the 
drippings obtained at high oven 
temperatures than at the low 
temperatures. 


40 160 5" ‘ 
OVEN TEMP. CENT. DEG. | OVEN TEMP. CENT. DEG. 

Fic. 14— ENERGY REQUIRED TO Fic. 15—ENERGY REQUIRED TO 
Roast BEEF ON OVEN No. 1 Roast BEEF IN OVEN No. 2, 
STARTING WITH OVEN Нот AND | STARTING WITH OVEN Hor AND 
WITH OVEN COLD—SEARING, 190 WITH OVEN CorLD—SEARING, 190 
WATT-HR. ADDITIONAL WATT-HR. ADDITIONAL 

1. well done roast oven cold 1. well done roast, oven cold 

2. med. rare * = s 2: g T 2 ж о% 

3. rare u “ 3. mcd. rare % “ сою 

4, well done * * hot 4. rare " ч * 

5. med rare * s % 5. med. rare % “ hot 

6 db s 6. rarc E » x 


. таге 


The other important factor which determines the best roasting 
temperature is the cost of the electricitv used. The curves of 
Fig. 14 and 15 give the energy used in roasting beef in ovens No. 1 
and 2 starting with the ovens at the required temperature and 
starting with the oven at room temperature. The energy used 
in searing the roasts 1s not included in the ordinates of these 
curves, since it was the same in all cases, 190 watt-hr. It will 
be noticed that for rare roasts 100 deg. 1s the most economical 
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temperature in cach oven; for the medium rare 100 deg. is the 
most economical except for oven No 1 for which 120 to 140 
deg. is the best. Тһе difference in this case 15 very slight, how- 
ever, and within the probable error so that-4+00-deg. could be 
used economically even here if desired. For the well done roasts 
there is a decided difference in the cost of cooking the meat at 
the various oven temperatures. For all the ovens and the most 
economical temperature for the well done roasts lies between 
120 and 140 deg. cent. = 

It will be noticed that when preheating is included the rare 
and medium rare curves are much steeper, and that the difference 
between the cost of preparing a roast at 100 and 180 deg. is 
greater. For ovens No. 1 and 2, 120 deg. is the most economical 
temperature for well done roasts. While the cost of electricity 
at $.05 per kw-hr. for oven No. 1 the difference between the cost 
of roasting meat at 100 and 180 deg. is $.02 for rare and $.025 
for medium rare, and for well done the difference between 120 
and 180 deg. is $.025. The saving in the months bill would prob- 
ably amount to about $.50, depending of course on the number 
of roasts prepared. It is well worth considering, however, as 
by observing these economies electric cooking will be able to 
compete with cheaper fucls. 

It will be noticed that the energy required for roasting meat 
in oven No. 1 is considerably greater than for oven No. 2. 
This is due partly to the smaller amount of heat insulation used 
and partly to the larger size of the oven. The oven was much 
larger than was,necessary for cooking a roast of this size. On 
this account both the radiation and the preheating loss were 
much greater than in the smaller oven. | 

An experiment was tried by searing the roasts in the manner 
recommended by the cook books. The oven was heated to 
250 deg. the roast was placed therein, and full current was turned 
on until the temperature had returned to the desired value. 
The current was then turned off and the oven allowed to cool 
down to 100 deg. where it was kept constant during the remainder 
of the experiment. Тһе energy required to prepare the roasts 
by both methods is given in the following table: 


| TABLE VII. 
WaATT-HOURS USED iN PREPARING ROASTS BY THE TWO METHODS OF SEARING 
Searing on top |Remainderof test Total when seared 
coil, in oven at 100 Total. in oven. Difference. 
deg. 
rare ..... 190 790 880 1950 1070 


well donc . 190 1325 1515 2580 1065 
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The saving in energy in favor of searing on top of the stove is 
surprisingly great, making a difference of $.05 (at $.05 per kw-hr.) 
in the cost of preparing the roast. This great difference in 
the energy used by the two methods is due to the fact that when 
searing the meat in the oven the whole oven has to be heatcd 
up to the high temperature of 250 deg.; resulting in large pre- 
heating and radiation losses, while by the other method only 
the heating clement the dish and the outside surface of the roast 
are heated to the high temperatures. The losses are conse- 
quently greatly reduced. 


BAKING EXPERIMENTS 


Owing to a lack of definite information on the time and tem- 
perature of baking, a series of experiments were undertaken on 
the baking of biscuit, bread and sponge cake. The purpose of 
the experiments was to determine the range of temperatures 
within which each article of food could be satisfactorily baked 
and the particular temperature within this interval which was 
the most economical for the ovens tested. l 

The method used was to determine the minimum time of 
baking at several oven temperatures. The experiments at a 
particular temperature was started at what was thought to be 
the proper time of baking at that temperature. If the condition 
of the food was well done and well browned, the time of baking 
was reduced. This process was repeated until under done sam- 
ples were obtained. The shortest time of baking which gave 
satisfactory results was the value taken for that particular tem- 
perature. This was repeated for several oven temperatures and 
curves werc plotted between the temperature of the oven and 
the minimum time of baking. Each sample was carefully 
wcighed before and after baking and the per cent loss of weight 
determined. The per cent loss of weight obtained at the mini- 
mum time of baking was then plotted against the oven tempera- 
ture. Each point obtained on this curve was the means of 
three determinations. The experiments were first performed 
in oven No. 1 and then were checked in the other ovens. 

Because of the short time of cooking and the small amount 
of food used in each sample it was not found possible, as in the 
meat experiments, to get accurate measurements of the amount 
of heat absorbed by the food. Consequently the amount of 
energy used in baking at the various temperatures in each oven 
was taken at the sum of the losses. 


! 
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The materials for the baking experiments were furnished by 
the home economics department of the University of Missouri. 
The samples were prepared by the members of that department 
as they were required and were inspected by them after baking. 

Fig. 16 shows the minimum time of baking and the per cent 
loss in weight curves for biscuits. Each sample consisted of 
six biscuits, each weighing approximately 25 рт. 

It will be noticed from the curves that the per cent loss of 
weight begins to increase very rapidly as the temperature dc- 
creascs below 200 deg. This increase in the loss of weight 
for the biscuits at the low temperature indicated that the samples 
dried out toa greater extent duc to the increased time of baking. 


MINUTES PERCENT LOSS 


2 
OVEN TEMP. CENT. DEG. . 


Fic. 16—ErrECT OF OVEN TEMPERATURE ON TIME OF BAKING Bis- 
CUITS AND PER CENT Loss OF WEIGHT 

This was very evident in the character of the biscuits prepared 
at these temperatures. They were dry and hard and had a 
heavy crust instead of being crisp and tender. At 200 deg. and 
above there was no difference discernible in the character of 
the samples. The range of temperature, therefore, for baking 
biscuits prepared according to the above recipe is from 200 to 
240 deg. cent. Table VIII which gives in detail the results of 
‘the biscuit experiments will make clear the method used. 

Fig. 17 shows the minimum time of baking and the per cent 
loss of weight curves for the bread experiments. The loaves 


6. They were prepared according to the following recipe: 1 cup of 
flour, 1 tablespoonful of lard, 3 teaspoonful of salt, 2 teaspoonfuls of 
baking powder, enough milk to make a soft dough. 
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averaged 300 gm. in weight and were baked in a tin the dimen- 
sions of which were 3 in. by 5 in. by 3 in. deep.’ 

In the bread experiments the most satisfactory results were 
obtained above 180 deg. At the lower temperature the crust 
was hard and thick, due to excessive evaporation of moisture 
as indicated by the loss in the weight curve. At 240 deg. the 
outside of the loaf had a tendency to brown over before the 
inside was thoroughly done. So many factors other than the 
time and temperature of baking affect the texture and quality. 
of the bread that no attempt was made to accurately score the 
loaves baked. The quality of the flour, the proportion of the 
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Fic. 17—EFFECT OF OVEN TEMPERATURE ON TIME OF BAKING BREAD 
AND PER CENT LOSS OF WEIGHT 


ingredients, and the manipulation before baking? all affect the 
flavor, quality, and texture of the loaf. It may be stated, 
however, that the range of temperature for baking bread in the 
above size loaves lies between 180 and 240 deg. cent. As the 
size of рап used was smaller than is used in the average house- 
hold, the time required for baking a larger loaf would be some- 
what longer. 


7. The bread was prepared according to the following recipe: Ë cup 
of water, 3 cup of milk, 1 teaspoonful of lard, 1 teaspoonful of salt, 1 
tablespoonful of sugar, enough hard wheat flour to make a soft dough, 
veast. | 

8. University of Illinois Bulletin. Volume X, No. 25. 
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Oven. temp. 
cent. deg. 


239.5 
239.5 
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TABLE VIII. 


BiscuiT EXPERIMENTS. 


Per cent loss 
of weight. 


15.8 
15.5 
15.9 


t> 
© 
N мо о 


Condition of sample. 


well done, well brown 


slightly brown, doughy 
slightly brown, done 
slightly brown, almost done 


well done, well brown 


not brown, doughy 
slightly brown, done 


well done, well brown 
“s а я а 


slightly brown, done 
slightly brown, almost done 


well done, slightly brown 
almost done, brown 
almost done, slightly brown 


well done, well brown 
и“ a ы “ 


slightly brown, almost done 
well done, well brown 
brown, almost done 


almost done, not brown 
almost done, not brown 
almost done, slightly brown 


done slightly brown 
done, slightly brown 
almost done, slightly brown 


well done, brown 
s « « 
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Fig. 18 shows the minimum time of baking and the per cent 
loss of weight curves for the sponge cake tests? The loaves 
averaged 250 gm. in weight 3nd were baked in a tin of the follow- 
ing dimensions: 5.5 in. Бу 4.2 in. bv 2.5 in. deep. 

А temperature of 170 deg. 15 approximately the lowest tem- 
perature that should be used for baking sponge cake, as the 
crust becomes very heavy and thick at the lower temperatures 
due to the long baking and the large loss of moisture. Because 
of the larger proportion of liquid in the dough, sponge cake will 
stand a greater loss of moisture than bread or biscuits. At 
200 deg. the loss of moisture was evidently too small as the 
texture of the crumb was not as good as samples baked at lower 
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Fic. 18—EFFECT OF OVEN TEMPERATURE ON TIME ОЕ BAKING SPONGE 
CAKE AND PER CENT Loss OF WEIGHT 


temperatures. The range of tempcrature, therefore, for baking 
sponge cake hes between 170 and 200 deg. cent. 

The curves of Fig. 19 give the energy used in baking biscuits 
at the various oven temperatures for ovens No. 1, 2, and 4 with 
and without preheating. The curves show that if biscuits are 
baked immediately after other food is removed from the oven 
so that preheating 15 not necessary the energy required will 
be verv small compared to the amount required if the oven has 
to be heated up from room temperature to baking temperature. 
This is especially true of oven No. 1. When the baking is begun 
with the oven alreadv at the desired temperature, the епегеу 


E The cake was prepared according to the following recipe: 4 eggs, 
1 cup of sugar, 1 cup of flour, 1 tablespoonful of lemon juice. 
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used in baking biscuits is practically the same for all the tem- 
peratures tried; but when the oven has to be heated up from room 
temperature the energy used is considerably less at the lower 
temperatures. Since the quality of the biscuits baked at tem- 
peratures bclow 200 deg. is not as satisfactory as at higher tem- 
peratures, these temperatures are not recommended; 200 deg. 1s, 
therefore, the most economical temperature for baking biscuits 
when preheating is necessary. | 

Because the conditions of baking biscuits satisfactorily аге а 
high temperature for a short time, the greater part of the energy 
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Fic. 20—ENERGY REQUIRED ТО 


8 
OVEN TEMP CENT DES. BAKE BREAD STARTING WITH OVEN 
Fic. 19—ENERGY REQUIRED TO HOT AND WITH OVEN COLD 
BAKE BISCUITS STARTING WITH 5 oven No. Eod E oven No. End 
OVEN COLD AND WITH OVEN Hor 3. * “4 2codd 6. * 44 " 


required will be used in preheating. Consequently ovens use 
for baking biscuits should require as little energy as possible 
for preheating. This can be accomplished to а certain extent 
by using as small an oven as is practical. 
Biscuit samples were also baked in ovens No. 2, 3, and 4. 
In oven No 2 the biscuits did not brown satisfactorily on top as 
there was no heating clement in the top of the oven. Oven No. 
3 was found to be unsatisfactory for baking biscuits because 
with the heating arrangement used it was difficult to get high 
enough temperatures. Тһе biscuits baked in oven No. 4 were 
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satisfactory. The time of baking and the per cent loss of weight 
checked with the values obtained for oven No. 1. 

The curves of Fig. 20 give the energy used in baking bread 
at the various oven temperatures with and without preheating. 
It will be noticed that for all the ovens the energy required is a 
minimum above 220 deg. The most economical temperature 
for baking bread when the oven 1s already heated is therefore 
from 220 to 240 deg. cent. 

The temperature for which 
the energy required is a mini- 
mum lies between 200 and 215 
deg. cent. depending on the 
oven used. Although the in- 
sulation of oven No. 415 very 
much better than oven No. 2, 
it will be noticed that above 
205 deg. oven No. 4 requires 
more energy for baking bread 
than oven No. 2. This is due 
to the larger amount of energy 
required for the preheating. 

The curves of Fig. 21 give . 
the energy used in baking 
sponge cake at the various 
temperatures with and with- 
out preheating. Asshown by 

the curves the most economi- 
170 180 90 200 
OVEN TEMP. CENT. DEG. cal temperature for baking 

Fic. 21—ENERGY REQUIRED TO Sponge cake, when the oven 15 
BAKE SPONGE CAKE STARTING WITH already heated, is 200 deg. 
OVEN Hor AND WITH OVEN COLD cent. Except for oven No. 4 

1. oven No. 1 cold 4. oven No. 4 cold acon | . 

Bo. i hha 5 £ IDIM this is also the most economi- 

cal temperature when the 
oven is started at room temperature. For oven No. 4 the most 
economical temperature is 180 deg. but the difference in the 
energy required at 180 and 200 deg. is slight. Because of the 
poorer quality obtained at 200 deg., the best temperature for 
baking sponge cake will be between 180 and 190 deg. cent. 

Consideration of the baking curves as a whole will emphasize 
the importance of the preheating characteristics in designing 
an efficient electric oven. For the kind of baking which requires 
a high temperature for a short time the preheating loss is con- 


WATT-HOUR 
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siderably greater than the radiation and convection loss. Unless 
some method can be found for decreasing the energy used in 
heating the oven up from room temperature, it will not be prac- 
tical to greatly increase the heat insulation of the ovens used for 
domestic baking. This docs not apply, however, to ovens which 
are used for long intervals at the samc temperature. 


CONCLUSIONS 


Much has been accomplished recently by domestic scientists 
in substituting accurate scientific methods of cooking for the 
vague and indefinite rules of our grandparents. Especially is 
this true іп the field of candy making. There is, however, an 
enormous amount of work yct to be done before an inexperienced 
person can hope to get uniformly good results without first 
experiencing many failures and wasting much good material. 

With reference to the use of a thermometer for the standard- 
ization of oven temperatures Miss M. B. Van Arsdale, assistant 
professor of household arts at Columbia University, says: 


Regarding the inexperienced housewife, it can trulv be said that with 
an accurate thermometer her results would undoubtedly be more uni- 
formly good—and we believe that the receipe books of the future should 
not read merely '' bake until done in a moderate oven ”' ог '' according to 
judgment," but will also state how long and at what temperature, so 
that in the hands of even the inexperienced these recipes will yield not 
occasionally good but uniformly good results without the discouragement 
of many failures, the sacrifice of much time and the waste of much good 
material. Thus the scientific treatment of the subject added to our 
traditional knowledge should tend to evolve an even higher type of 
cookery than we һауе had in the past. 


The present status of the science of cookery is due, in a large 
degree to the lack of adequate means of controlling the tempera- 
ture of the food. When using the ordinary wood or coal cooking 
range the degree of heat is controlled chiefly by dealing with the 
food itsclf rather than by regulating the heat at the point of 
combustion. The amount of draft necessary to promote the 
combustion of the fuel causes too great a degree of heat in the 
oven or on the stove to enable the cook to deal with the food 
in the proper way except by constantly watching it, stirring it, 
and changing the position of the vessel on the stove or in the 
oven. | 

With the advent of electric ovens a revolution in the methods 
of cooking has become possible. Automatic electric ovens will 
probably be developed in which the temperature will be accur- 
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ately controlled and the necessity of constant vigilance will be 
removed. Some kinds of food will even be prepared in advance, 
placed in the oven, and without any further attention on the 
part of the housewife the current will automatically be turned 
оп at a predetermined time. Тһе temperature of the oven will 
increase to the desired value and there remain constant until 
the food 15 properly cooked. 

With this method perfected the advantages of electric cooking 
over the other methods will be great and 1n many cases the cost 
will not be excessive. To the possibility of obtaining uniformly 
well cooked food should be added the saving to the housewife 
in time and worry, and the absence from the kitchen of excessive 
heat. 

The present day problem in electric cooking is to determine the 
methods of cooking that will yield the most in nutrition and 
flavor, and to formulate definite rules or directions so that a 
particular article of food can be cooked in the best possible 
manner by persons of ordinary skil. The engineer's problem 
is then to design practical cooking devices in which the tempera- 
ture can be accurately regulated with a minimum of attention 
on the part of the housewife. 

Electric cooking may be classified according to the tempera- 
ture to be used in the oven. The baking of bread, cake, and 
pastry requires a high oven temperature from 170 to 240 deg. 
cent. In the average family where the oven is used intermit- 
tently a large part of the electricity used 1n this class of baking 
will go to heat up the oven from room temperature to the re- 
quired baking temperature. In other words the preheating loss 
will be large compared with the radiation and convection loss. 

The preparation of vegetables, cereals, and meats (except 
for searing, broiling, and frying) requires a low degree of heat, 
80 to 120 deg. cent., applied for several hours. In this class 
of cooking the prcheating loss is small in proportion to the radia- 
tion and convection loss. 

The increased popularity of the fireless cooker indicates that 
people are learning that food can be cooked at temperatures 
lower than the boiling point of water. Тһе particular tempera- 
ture of 100 deg. cent. has long been the one used for cooking 
cereals, vegetables and meats, because it is the easiest temper- 
ature to maintain at a constant value and not necessarily because 
it gives the best possible results. Тһе fact that several 
hours are required for the cooking is not a disadvantage when 
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the process is automatic and does not require the attention of 
the housewife. Aside from the question of the quality of tHe 
food and the saving in electricity, four hours would probably 
be the best time to cook the food. The housewife could put 
“іп the food for the midday meal immediately after breakfast 
while the oven was still hot. When it is taken out she could 
put in the evening meal so that the oven would be used con- 
tinuously. The preheating loss would thus be reduced to a 
minimum. During the latter part of the afternoon the house- 
wife need not be tied to her kitchen, as all that would be neces- 
sary at this time would be to dish up the food and serve it. 

The electric light and power companies should be interested in 
perfecting this method of cooking and in bringing it to the atten- 
tion of their customers. A combination of the electric oven 
and the popular fireless cooker would be a very desirable load 
for the central station. It would be a nearly steady all day load 
and would not interfere with the peak load even in the winter 
as sufficient heat can be stored in a well insulated oven to keep 
the food hot enough to serve for an hour or more after the cur, 
rent 15 turned off. | 

Since the experiments of the author are very meager in com- 
parison with the enormous amount of investigation which will 
be necessary beforc the art of cookery will be reduced to a science, 
it is thought that the results obtained will serve more as а рге- 
liminary to further investigation than as a basis for immediate 
reforms in the methods of electric cooking. Even though the 
complete data were at hand for inaugurating such a revolu- 
tionary reform in the methods of cooking, the inertia of the 
present methods would be considerable so that the introduction 
of definite rules of time and temperature would take a long 
time. 

In cookery as in photography the time and temperature 
methods will benefit the amateur to a greater extent than the 
professional, who because of his years of experience and many 
failures in the learning will be able to get uniformly good 
results with the less definite methods. Hence the greatest field 
for an automatic clectric oven will probably be in the middle class 
home where the cooking is done by the housewife rather than 
by servants. 

SUMMARY 

]. The energy lost when the door of an electric oven was 
opened for 15 seconds was found to vary from 5 to 15 watt-hr. 
depending upon the temperature of the oven. 
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.2. The time required for roasting a rolled rib roast of beef 
rare, medium rare, and well done was determined for various 
oven temperatures, the shortest time of roasting being at 160 
deg. cent. 

3. The per cent loss of weight of the roasts was found to in- 
crease with the oven temperature used. 

4. The most economical temperature for preparing rare and 
medium rare roasts was found to be 100 deg. in each oven. 
For well done roasts 120 deg. cent. is the most economical 
temperature. 

5. With clecti tty at $. 05 per kw-hr. it 1s at least $.02 cheaper 
to roast beef at 100 to 120 deg. cent. than at 180 deg. 

6. It was found that at least 1000 watt-hr. could be saved 
by searing the roast on top of the stove instead of heating the 
whole oven up to 250 deg. cent. j 

7. À method was devised for determining the most economical 
temperature for baking bread, cake, and biscuits. The minimum 
time for baking and the per cent loss of weight were SOLCDIBUSG 
for several oven temperatures. 

8. The range of oven temperaturcs for ee biscuits was 

found to be from 200 to 240 deg. cent. Starting with the oven 
at the required temperature, the energy used in baking bis- 
cuits is practically the same (ог all oven temperatures. If it 
is necessary to heat up the oven from room temperature, the 
most economical oven temperature is the lowest which will 
give satisfactory results; i.e., about 200 deg. cent. 
. 9. The range of oven temperatures for baking a small size 
loaf of bread was found to lie between 180 and 240 deg. cent. 
Starting with the oven at the required temperature, the most 
economical temperature for baking bread is between 220 and 
240 deg. cent. When preheating is included, the most economi- 
cal temperature for a small size loaf was found to be between 
200 and 215 deg. cent. 

10. The range of oven temperatures for baking sponge cake 
was found to lie between 170 and 190 deg. cent. For baking 
sponge cake the most economical oven tempcrature is the highest 
temperature which will give satisfactory results; 1.е. about 190 
deg. cent. 

11. The results of the cooking seis in clectric ovens 
indicate that it is possible to reduce the art of cooking with 
electricity to an exact science. If definite rules of time and 
temperature were formulated for cooking each article of food, 
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the inexperienced housewife could obtain uniformly good results 
with the expenditure of a minimum amount of attention and 
fuel. 

The author begs to acknowledge his indebtedness to Misses 
Stanley, Daniels, and Troxcll of the home economics department 
of the University of Missouri for their many valuable suggestions 
and for their kind supervision of the bread, cake, and biscuit 
experiments, and to Messrs. Atkins, Brinkmeir, Crider, and 
Macom for their assistance in taking readings. 
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PROVISIONAL SPECIFICATION FOR INSULATOR 
TESTING 


COVERING INSPECTION AND TESTS OF HIGH-TENSION LINE 
INSULATORS OF PORCELAIN, FOR OVER 25,000 VOLTS* 


The present provisional specification was approved and 
recommended by the Power Transmission Committee of the 
American Institute of Electrical Engineers, Feb. 1915. 


SPECIFICATION қ 
Introductory: 


This specification covers certain methods of test and in- 
spection which have been found well suited for testing high- 
tension line insulators for use under the ordinary conditions of 
power transmission work. It is expected to serve as askeleton 
or model specification and may be supplemented by such ad- 
ditional provisions as may be appropriate for any particular case. 

Certain portions of the spccification are added as a guide where 
designs are to be offered by several bidders for competitive tests. 
In such a case bidders will understand from the specification all 
the requirements they must ultimately mect if their bids be ас- 
cepted. 


GENERAL SPECIFICATION COVERING ALL TYPES OF 
INSULATORS 


1. (a) This specification is intended to cover the checking of the 
design and the testing and the inspection of the factory out- 


Dui; OP uuu zu porcelain insulators, cat. No.................... 
O sand ИИ КЕГЕН Company; to be manufactured for the 
Rp КО» Company 


*Copies of this specification may be had at a cost of 25 cents by 
application to the Secretary of the A. I. E. E. 33 West 39th Street, 
New York City. 
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(b) The operating voltage 15........... T TUE and the frequency 
c. Definitions: By “insulator " is meant the complete in- 
sulator or group of insulating members including all the parts 
necessary to support the conductor from the crossarm ог 
on the pin as the case may be. 

By “unit " or ‘unit insulator " is meant a suspension in- | 
sulator element complete, having a metal cap and pin. 

By “ shell " is meant a single porcelain piece without cement 
Or сар Or pin. 

2. Drawings: 

А dimensioned drawing shall be furnished showing the com- 
plete insulator and moetal parts, or, if the insulators are built 
up or composed of a string of units, showing the details of a unit 
and all the clearances between units and metal parts. 


3. Inspection: 

The maker will give to the purchaser or his representative 
such access to his works at all times during working hours asis 
reasonable and necessary to determine the suitability of material 
to be supplied, and shall furnish all necessary apparatus, labor, 
and other facilities for making the tests herein called for without 
cost to the purchaser. АП good insulator units destroyed іп the 
tests here called for are to be paid for by the purchaser at the con- 
tract price. 

All insulators are subject to final inspection, test and accept- 
ance at maker's factory. 

Neither the inspection nor waiving of inspection nor the pur- 
chaser's acceptance will relieve the maker from obligation to 
furnish material in accordance with this specification. 


4. Design: 

All insulators shall be designed as far as may be practicable 
to fail by flash-over and not bv puncture under excess voltage 
tests, especially under impact tests. 

Insulators shall be of robust construction and design so as 
not to be easily injured 1n handling. 


Explanatory Note; В 

The ultimate criterion of the merit of an insulator is its per- 
formance in service and the best available measure thereof is its 
behavior under definite tests. However, as no practicable 
tests actually reproduce service conditions, for example in the 
matter of high-frequency voltage or deposits of dust, criticism 
on theoretical grounds is valuable, and, other things being equal, 
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preference should be given to the insulators most closely con- 
forming to theoretically best designs. 

Altitude: | 

Careful attention in specifying flash-over voltages should 
be given to the fact that for varying altitudes the break- 
down strength of air varies approximately though not exactly 
as the barometric pressure. 


METAL PARTS 
5. Corrosion: 


All metal parts shall be of non-corrodible material or shall be 
galvanized or sherardized in accordance with the specifications 
for galvanizing prescribed by the joint committee of the National 
Electric Light Association in its Specification for Overhead 
Crossings of Power Lines Above Telephone and Other Low- 
Voltage Lines. Surfaces shall be free from roughness or pro- 
Jecting points; bearing suriaces shall be smooth enough not to 
injure cables. 

6. Factor of Safety: 

Metal parts shall have a factor of safety of at least three over 
the maximum stress that they receive in service, except that 
with pins for pin type insulators the factor may be re- 
duced to two where a higher factor is impracticable. Тһе 
maximum service strain is here agreed upon as— lb. 


PORCELAIN 
7. Quality: 

All porcelain shall be dense and homogencous as is best adapted 
to high-tension insulator requirements, free from injurious 
cracks, blisters and flaws or other defects that would render them 
unfit for use in insulators. The burning of all porcelain sections 
shall be done so as to insure even vitrification but shall 
not render the porcelain unduly brittle. The surface shall 
_be smooth and uniform and the body of the porcclain shall be 
moisture-proof. 


8. Glazing: 

The glazing shall be ОЁ............:....... color and of a reasonably 
uniform shade, smooth, hard and continuous over all surfaces 
except those to be in contact with the cement. It shall be un- 
affected by weather, ozone, nitric acid, nitric oxides, alkali dust, 
or sudden changes in temperature over the atmosphere range. 


9. Absorption: Explanatory note. 
While imperviousness of the porcelain to moisture is of 
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supreme importance, no satisfactory test of this quality 1s known. 


CEMENT 
10. Assembling: 

All cemented joints between insulator parts shall be carefully 
made, using for this purpose the best grade of neat Portland 
cement, thoroughly mixed, and plentifully supplied with moist- 
ure during setting. Тһе assembly shall be so done that no 
hollows or voids will be left between the cemented surfaces. 
All superfluous cement must be cleaned off of the insulator before 
crating. 


ELECTRICAL TESTING 


Note. Sections 11 to 15 inclusive are particularly applicable 
to competitive tests and to tests: the results of which are to be 
compared to similar tests made with other testing apparatus. 
In cases where merely a comparative study of different designs of 
the same make is to be made, all tests being carried out on the 
same testing apparatus, it 1s usually satisfactory to use the 
standard test apparatus of a first-class maker. | 

It should be definitely stated іп the contract whether sections 
11-15, inclusive, are to be adhered to or not. 


11. Wave Form: 

The wave form of the generator shall be a true sine curve within 
the limits specified for generators by the Standardization Rules 
of the American Institute of Electrical Engineers and may be 
checked by the methods therein prescribed. 


12. Control of Voltage: 

The voltage shall be controlled іп such a way as not to distort 
the wave form. 

One satisfactory method of control is the use of a regu- 
lator consisting of a shunt resistance connected directly across 
the low-voltage side of the transformer, and a series resis- 
tance in the supply. Тһе shunt resistance must always by- | 
pass at least five (5) times the exciting current of the trans- 
former. The principal control is « ff ‘сїеа by the series resistance. 
This method 15 often spoken of as the potentiometer method. 
13. Measurement of Voltage: 

The method of measuring the voltage on the test circuit shall 
be that method recommended by the American Institute of 
Electrical Engineers, covering such cases. 


14. Kilowatt-Ampere Capacity of Testing Apparatus: 
The kilovolt-ampere capacity of the testing apparatus, in- 
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cluding any series resistance used, is important, for the leading 
current taken by the insulators tends to alter the voltage of 
the test apparatus. The maximum current taken from the 
test apparatus shall not be so great as to distort the voltage 
wave more than permitted for generator electromotive forc2 
waves by the A.I.E.E. Standardization Rules. 


15. Surrounding Conditions During Tests: 


Indesign checking tests of insulators having an operating voltage 
not exceeding 75,000 volts, no object other than leads and 
supports should approach nearer than 6 ft. (1.8 m.) to the in- 
sulator. Forinsulators having a higher operating voltage, the 
conditions for the “ design test " of complete insulators should 
be madé as nearly as practicable the same as the conditions 
of actual service as regards the grounding of one side of the 
insulator and the arrangement and. distance of grounded objects 
in the neighborhood. А conductor of 6 ft. (1.8 m.) or more іп 
length, extending equally on both sides of the clamp, should 
be used to represent the transmission wire. 

Note—In these tests the walls of the room will ordinarily in- 
troduce a very serious departure from the conditions of outdoor 
service. Open-air tests where feasible are preferable from this 
point of view. | 

Routine tests, not being on complete insulators or insulator 
Strings, do not require these precautions. 


16. Frequency: | | 
Tests should be made at the frequency at which the insulator 
is to be used. Where special agreement is made tests may be 
made at 60 cycles on insulators intended for use on higher and 
lower frequencies. No error of a serious magnitude will be ex- 
pected within the range of 25 to 133 cvcles. | 


17. What Constitutes a Breakdown or a Flash-over: 

An insulator is said to “Тай” or “ break down ” under а 
voltage test whenever a puncture occurs in any part of the in- 
sulator. It is said to flash over when a discharge of any sort passes 
all the way from one terminal to the other, since such a 
discharge would be followed by an arc ona power line. 

Local breakdown, either corona or local sparks, while an im- 
portant svmptom, indicating severe local stress, does not consti- 
tute a flash-over. The weight to be given to such loca] break- 
down, however, is a matter of judgment. 
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18. Rain Tests: 

Water should be sprayed on the insulator at a uniform rate 
averaging 1 in. (2.5 cm.) depth in 5 minutes, and should be 
reasonably uniformly distributed over the whole insulator. Тһе 
rate of precipitation shall be measured by collection of water in 
a pan at the location of the insulator, the insulator being removed. 
A fairly satisfactory spray in the form of a fine mist can be ob- 
tained by some forms of spray nozzles where pressure is avail- 
able. 

The spray shall strike the insulator at an angle of approxi- 
mately 45 deg. with the vertical. 

The water used shall have a high specific resistance, not 
less than 5000 ohms per cu. in. (12,700 ohms per cu. cm.). 
Pure water may often be obtained from condensed steam or 
melted ice, preferably artificial ice, or rain. Municipal water 
supplies are often so impure as to seriously impair the per- 
formance of the insulator on the wet flash-over. | 

When insulators аге to be used in localities subjected to salt 
spray or alkali or acid mists, or to conditions producing dew 
deposits, special tests may be agreed upon. 


19. Puncture Under Oil: 

Tests on a certain percentage of insulator units, ordinarily not 
exceeding 1 of one per cent, should. be made to determine the 
ability of the insulator to resist puncture and to measure the 
uniformity of the product. This test is best made by submerging 
the insulator in oil. 

For this test each suspension шеш: unit should be com- 
pletely assembled with its standard metal parts. . 

With pin type insulators there should be attached to the head 
of the insulator wires representing the tie and line wires, and a 
metal pin should be placed in proper manner in the pin hole. 

The test voltage should then be applied to the metal parts in 
each case. The puncture value obtained under these conditions 
should not be less than 150 per cent of the dry flash-over voltage 
and should where possible be much higher. Inthe case of suspen- 
sion units a factor approaching 200 per cont has sometimes 
been obtained. 

The puncture voltage that must be met in the actual tests 
(825) should be here specified for each contract, viz., ....volts. 

In making the test, apply to the insulator a voltage 30 to 40 
per cent below the dry flash-over value and then raise the 
voltage gradually or by steps, until puncture occurs, at a rate of 
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about 10,000 volts per second. The puncture value of porcelain 
is very sensitive to the length of time voltage near the maxi- 
mum is applied; the puncture voltage may be lowered as much 
as 20 per cent by long-continued application of the test voltage. 


20. Series Spark Gap: 

In routine testing, it is well to have a short air gap between 
each insulator under test and the testing line, that the character 
of the charging current may be judged by the appearance o 
the arc. | | 
21. Inspection; РІМ TYPE INSULATORS 


All parts shall be inspected before assembling. 


22. Routine Tests. Electrical Tests Before Assembling: 

All insulator shells, before being assembled, shall be tested 
for three minutes at the voltages given in the following table. 
Should any shell be punctured in the last minute of test, the 
test will then be continued, after the removal of the punctured 
piece, until no puncture occurs in one full minute of test. These 
tests are to be conducted by inverting the parts in pans of 
water and placing water inside the several pieces, the poten- 
tial then being applied to the two bodies of water. 

Note. The water both inside and outside shall be filled to 
within one quarter of an inch of the highest point to which 
the later applied conducting parts, including cement, will extend. 

The individual tests in the various shells shall be as follows: 


НЕЗА СЕТЕР Я volts 
Second бһей................... ; ñ 
Third Shell.................... i » 
Fourth бһей................ pn š 
Center. stores ve Naa s 


23. Routine Tests—Final Electrical Test: 


All completed insulators shall be tested according to one or 
the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under these specifications. 

a. Theinsulatorsin groups shall be subjected to a voltage stead- 
ily applied just below the flash-over voltage for a period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some insulator of the set occasionally, but not 
more often than once in three seconds. This test involves a 
steady voltage stress and gives an opportunity for the heating 
up tothe puncture point of any spots in the porcelain which may 
be sufficiently defective. For.this test it is therefore objection- 


1040 INSULATOR TESTING [June 25 


able that there should be frequent flashing over, as each flash- 
over presumably removes the potential from all insulators for 
one alternation. 

If an insulator of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The insulators in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flash overs exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-over is necessary. 

c. The insulators in groups shall be given test (a) above, fol- 
lowed by test (b). "The first test may be changed into the second 
by merely raising the potential without removing the voltage. 
In this case the time of the second part of the test should be 
reduced to one minute. 

d. This test is the same as test (b) above except that instead 
of applying this testing to insulators in groups, the insulators 
shall be tested singly and the voltage continued for a period of 
20 seconds. 

Norte. Inall the tests (a), (b), (c) and (d), above, it is important 
that the current be so limited in volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 
removed from the 1nsulators during the continuance of the power 
arc. i 


24. Design Test—Mechanical: 

The following design test shall be made on enough complete 
insulators, usually not exceeding 1 of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

The insulators shall be capable of withstanding for 15 seconds 
without signs of distress a pull оЁ.................... 1E usas kg.) 
applied at the tie-wire groove in a direction at 90 deg. with 
the axis of the insulator and pin. For the purpose of making 
this test, the insulator shall be mounted on the pin to be used 
in service. Іп case of failure the question as to whether the 
insulator or the pin 15 at fault shall be determined by testing 
again with a solid steel pin turned from a piece of round steel of 
such dimensions that this piece of steel acting as a pin for the 
insulator wil not bend under the above-mentioned load. 

It is desirable that a number of insulators be tested to 
destruction to show approximately the margin in mechanical 
strength. 
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25. Design Tests—Electrical: 

The following design tests shall be made on enough complete 
insulators to determine the нее of the type. The in- 
sulator shall stand without failure: 

(a) A test for flash-over, dry, of three times the potential be- 
tween line wires, applied for one minute. 

(b) A test for flash-over, wet, of not less than 2 times the po- 
tential between line wires, applied for one minute. 


(c) Puncture test under oil shall be made as specified under 


§19 above. 
: SUSPENSION TYPE INSULATORS 


26. Routine Tests—Electrical Test Before Assembling: 

All insulator shells shall be tested according to one or the 
other of the three following tests. One of these tests should 
be definitely specified, for each lot of shells tested under this 
specification. 

a. The shells in groups shall be subjected to a voltage 
steadily applied just below the flash-over test for a period of 
three minutes. The voltage shall be held at such a point that a 
flash shall occur over some shell of the set occasionally but not 
more often than once in three seconds. This test involves a 
steady voltage stress and gives an opportunity for the heating up 
to the puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objectionable 
that there should be frequent flashing over, as each flash-over 
presumably removes the potential from all insulators for one 
alternation. | 

Па shell of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. | 


b. The shells in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flashes exists, this being continued for a period of two minutes. ` 
This test 1s intended to introduce the effect of impact and conse- 
quently continual flash-over is necessary. 


c. The shells in groups shall be given test (a) above, followed 
by test (b). Тһе first test may be changed into the second by 
merely raising the potential at the end of the first test. In this 
case the time of the second part of the test should be reduced 
to one minute. 

Norte 1. Inall the tests (а), (b) and (c), above, it is important 
that the current be so limited in volume that no power arc 
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shall follow a flash-over, as otherwise the voltage will be sub- 


stantially removed from the shells during the continuance of 
the power arc. 


Note 2. In making these tests the Жаш shells are to be 
inverted in a pan of water and water placed in the inside. The 
water both inside and outside shall be filled to within one quarter 
of an inch of the highest point to which the later-applied 
conducting parts, including cement, will extend. . 


27. Routine Test—Mechanical Test: 

After at least ten days setting of the cement, all units shall 
withstand for 3 seconds without signs of distress a mechanical 
pull of ................ Ibo ern nner kg.), in line with the axis of the 
insulator. Insulators may be given this test after a shorter 
period of setting, at the risk of the maker. | 
28. Routine Test—Final Electrical Test: 

All completed insulator units shall be tested according to one 
or the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under this specification. 


a. The insulator unitsin groups shall be subjected to a voltage 
steadily applied just below the flash-over test for a period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some unit of the set occasionally but not more 
often than once іп three seconds. This test involves a steady volt- 
age stress and gives an opportunity for the heating up to the 
puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objection- 
able that there should be frequent flashing over, as cach flash-over 
presumably removes the potential from all units for one alter- 
nation. | 

If a unit of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The insulator units in groups shall be subjected to a voltage 
inexcess of the flash-over voltage so that a continuous succession 
of flashes exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-over is necessary. 

c. The insulators in groups shall be given test (a) above, 
followed by test (b). The first test may b» changed into the 
second by merely raising the potential at the end of the first 


1914] INSULATOR TESTING 1043 


test. In this case the time of the second part of the test should 
be decreased to one m nute. _ 

а. This test is the same as test (b) above, except that instead 
of applying this testing to units in groups, the units shall be 
tested singly and the voltage discharges continued for a period 
of 20 seconds. | 

Note. Іп АШ the tests (a), (b), (с) and (d) above it is important 
that the current be so limited іп volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 
removed from the insulators during the continuance of the power - 
arc. 

This test shall be made after the mechanical test above pre- 
scribed, $27. 


29. Design Tests—Electrical: 


The following design tests shall be made on enough complete 
assembled insulators, not exceeding } of one per cent, to deter- 
mine the performance of the type. 


(a) A test for flash-over, dry, of one insulator unit having 
` its normal position in the string and of a complete insulator 
string consisting of ................ units, ОЁ ..........:..... volts, and.......... 
volts respectively, applied for one minute. 


(b) A test for flash-over, wet. of a single insulator and of the 
String, of...... volts and. .:... volts respectively, applied for one 
minute. 


(с) The puncture test under ой shall be made as specified 
under §19 above. 

It is preferable that the arc-over of the complete insulator 
when the test voltage is sufficiently raised shall be over the insu- 
lator as a whole and shall not be over the individual elements. 


30. Design Tests—Mechanical: 

The following design test shall be made on enough complete 
insulators, usually not exceeding 1 of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

After at least two weeks setting of the cement, the insulators 
tobe tested shall withstand for 15 seconds without signs of distress 
a pull of .............. Jl oo kg.) in line with the axis of 
the insulator. 

It is desirable that a number of these insulators be pulled to 
destruction to show approximately the margin in mechanical 


strength. 
APPENDIX 


The following tests are recommended as desirable where appro- 
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priate. They are not incorporated in the above specifications 
as experience with them is not yct sufficiently broad. 


31. Uniformity Puncture Test: 

Twenty-two single insulators, chosen at random from stock, 
which have passed all routine tests, shall each in turn be punc- 
tured under oil as provided for oil tests in §19 above. Any twenty 
of these values of puncture voltage shall then be selected by 
the maker. The difference between the maximum and-minimum 
of these twenty puncture voltages must not be more than 20 
per cent of the average voltage. This test should be repeated 
with one or more additional groups of 22 disks, not exceeding in 
the aggregate 3 of one per cent of the total, enough to determine 
the uniformity of the product. In case of failure of the lot to 
pass this test, the other insulators from the same burnings shall 
be tested as specificd under §28, but for a period 5 times that 

there specified. 


32. Design Test—Impulse Test:* 

some form of impact or high frequency test is of the greatest . 
importance in testing high voltage insulators, at least for the de- 
sign tests. Two or three forms of such tests have been proposed, 
and it is expected that a supplement to this specification will 
be issued when these tests have been sufficiently standardized. 


33. Design Test—Combined Mechanical and Electrical Test: 


The following design test should be made upon enough in- 
sulators to determine the performance of the design and the uni- 
formity of the product. 

An insulator placed in an insulated testing machine and im- 
pressed with a voltage just under or just over the flash-over 
voltage (as may be agreed upon), shall be subjected to a grad- 
ually increasing mechanical pull until puncture occurs. 

The insulator should not puncture at less than twice, or, pre- 
ferably, three times the maximum pull to which the insulator 
is to be subjected in service, as fixed in §6 above. 


34. Uniformity—Brittleness Test, Applicable Especially to 
Suspension Insulators: 

The following uniformity test should be made upon enough 
insulator units to determine the performance of the design and 
the uniformity of the product. 

A completed insulator unit which has passed all routine tests 


*For an example of the application of such a test see paper jer by Imlay 
and Thomas, TRANS. А. I. E. E. Vol. XXXI, 1912, p. 2121. 
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shall be placed in ice water and the temperature of the water 
raised to boiling. The heating should not begin until after the 
insulator has been in ice water 60 minutes to permit all parts 
. to come to the same temperatures. The water should then be 
heated at a uniform rate of about one degree cent. per minute. 
After remaining at boiling temperature for 30 minutes the 
unit may be removed and should afterward be tested either 
by the measurement of its insulation resistance, using one or two 
thousand volts for the measurements, or by the standard routine 
electrical test ($28), or both. 


. 85. Percentage of Failure in Routine Tests. Тһе percentage of 

punctures in the electrical tests is a rough measure of the burning 
of the porcelain and the care in manufacture. А relatively 
large percentage of failures, perhaps over 5 per cent, sug- 
gests under-firing. It is recommended that the following mod- 
ification be applied to routine tests $23 and $28: 

“When the percentage of punctures іп any group of insulator 
units or shells under test simultancously, exceeds 5 per cent, 
the length of the time of application of the test voltage shall be 
doubled for that group". 


ee — — MP HS «алланы» 
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DISCUSSION ON “ SUBMARINE SIGNALING” (BLAKE), PHILA- 
DELPHIA, PA., OCTOBER 12, 1914. (SEE PROCEEDINGS 
FOR OCTOBER, 1914.) 

(Subject to final revision for the Transactto1 s.) 

W. S. Franklin: When vou lower that oscillator into the: 
water, the two diaphragms are working in like phases, are they 
not? | 

H. J. W. Fay: Yes. That means that the watcr on one 
side is being compressed. 

W. S. Franklin: Don't you cover one of those diaphragms 
complctelv, and cnlv expose one to the water? 

H. J. W. Fay: This diagram doesn't show the water-tight 
oscillator as it should. This is a form of scillator that was 
put inside the ship, not put in the water. А water-tight oscil- 
lator has a ring around the base of the pole ріссе, and the third 
diaphragm is mounted on that ring, and this rod excites that 
diaphragm. | 

W.S. Franklin: If I may explain just what I have in mind— 
vou sav that vour wave length there would be something like 
thirty or forty feet. Now we speak of cach side of that appara- 
tus as being a center from which waves go out— 

H. J. W. Fay: No, onlv onc side. 

W. S. Franklin: That is what I wanted to know. Ошу 
one side is covered? | i 

H. J. W. Fay: Yes. 

Elmer A. Sperry: This scems to me a most ingenious ap- 
paratus. Think of the diaphragm that vou and I use when we 
speak into a telephone, a small affair that is about as thick as 
paper, and then consider the diaphragm that this apparatus 
works—three-quarters of an inch thick and 24 inches in di- 
ameter; and it takes that size of diaphragm to be in tune with 
the 1000 beats or 500 full oscillations per second to which this 
instrument is tuned with the alternating current of this frequency. 
I understand that when this was tried on the Delaware it was 
heard distinctly on the upper deck in a very remote position 
from where the apparatus was installed. But the most re- 
markable thing to me is that it can be again used as a receiver. 
The 8 by 8-in. copper tube, only $ in. thick, seems a very simple 
factor to set up a reaction back into the alternating winding, 
giving evidence of remote sound, especially when in attune 
with this diaphragm. 

G. A. Hoadley: The paper speaks of the most important 
use of this apparatus on submarines, for submarine signaling 
from one vessel to another. Has there been any method de- 
vised by means of which submarines not belonging to our 
party can be prevented from receiving the message? 

Н. J. W. Fay: No, not vet. At a mile's distance, the 
sound is so loud that it can be heard all over the submarine 
boat without any receiving apparatus. The point that you 
mention has been in mind, but it could not be done with vibra- 
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tions such as are used now. It would be possible with vibra- 
tions that are below the range of audibility. 

H. A. Hornor: Have any experiments been made upon 
interference of two signals at a time? Wouldn't that be a 
cause of confusion of the signals? 

H. J. W. Fay: Yes, probably, unless they were widelv dif- 
ferent in tune. Then the oscillator at 500 might not pick up 
the oscillator that was tuned to 1000. We have simply worked 
the oscillator out for that one pitch at the present time, and 
the greatest number that we have known to be used at any 
one time has been two. We have not had a third oscillator in 
anv of the tests to break in on the signals. 

W. S. Franklin: Professor Webster of Clark University has 
been working quantitatively on a problem which involves 
making among other things, an accurate measurement of the 
number of watts that are given out as sound by ordinary tuning 
forks, with and without resonance. Have you any idea as to 
the actual watts output represented bv the sound that 15 pro- 
duced? I don't mean watts entering into the receiver, but 
watts of energv in the sound. 

H. J. W. Fay: The ncarest I can tell vou is that last Sat- 
urday we made a test with one oscillator 46 ft. from the other 
and measured the amount of current received in the alterna- 
ting winding of the receiving oscillator, and we got 0.025 ampcre. 
The input was 13 amperes at 170 volts on the alternating cur- 
rent and 74 amperes at 110 volts on the direct. 

George Breed: As I understand the description, the arma- 
ture oscillates іп a direction longitudinal with the bolt. Then, 
presumablv, it must be centered in some way and held clear 
and free between the magnet poles, and furthermore, if it be 
free to oscillate, its supports cannot be absolutelv rigid. 

It would be interesting to know how the armaturc is held 
in place, and how much elasticity there 15 in its supports. I 
suppose the oscillating svstem thus formed is so proportioned 
with respect to mass and elasticity, that its nautral frequency 
of oscillation is about 500 per second. 

H. J. W. Fay: The amplitude of movement is 0.01 in. The 
small diaphragms on the rod support the copper tube. 

W.S. Franklin: If the amplitude of this apparatus is Known, 
Professor Webster's formula will enable the actual watts of 
sound output to be calculated with a very high degree of accuracy. 

John B. Taylor (by letter): Before commenting in detail on 
the paper by Mr. Blake. a few very general (and perhaps obvious) 
remarks тау be in order. 

Communications between individuals more or less widely 
separated mav be accomplished only by transfer of matter or 
energy from one to the other. Exchange of intelligence by 
moving material things has culminated in the typewritten 
letter. 


The spoken word and the sign exemplify communication 
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through forms of energy. Here one involves mechanical, the 
other radiant energy. In the business of travel and trans- 
portation by land, as well as by sea, both audible and visible 
signals are extensively emploved, one supplementing the other. 
Light signals serve fairly well in disclosing location or direction 
through “straight-line” propagation of the radiant energy апа 
the working characteristics of the receiving instrument, the eye. 
Non-transparent objects cast shadows, t.e., the radiation does 
not bend around obstacles, hence rain, snow and especially fog 
disturb, or prevent ‘entirely, dependence on visual signals. 
Lavers of air of differént optical properties may also give rise 
to mirages or other aberrations. 

Sound signals do not readily disclose location or direction. 
Sharp sound shadows are not noticed with wave lengths of the 
pitches commonly emploved, and the ears are not well adapted 
nor trained to locate sources of sound with assurance or accuracy. 
Further difficulties arise on account of reflections from objects 
giving echoes or interferences which may be misleading, while 
other sounds and noises, necessary and unnecessary, reduce 
the sensibility of the ear to feeble sound and distract the atten- 
tion from the particular sound signal. | { 

Тһе paper under discussion describes а system of marine 
sound signaling using the water of ocean, river or lake rather 
than the air as transmitting medium. То do this, more com- 
plicated sounding and receiving equipment is needed. Doubt- 
less the water will usually be more homogeneous acoustically 
than the air. The inhabitants of the water are assumed to be 
comparatively quiet. There are, however, extraneous sounds 
which give trouble. Is it right to infer that these are greater 
than undesired sounds in the air, since no mention of this point 
is made in the list of five advantages of water over air? (page 
1571). | 

The descriptions of the determination of depth and ot iceberg 
distance by echo and reflection naturally lead one to question 
the reliability of direction location in the presence of other 
ships, icebergs, rockledges, rcefs, islands, not to mention shore 
and bottom. 

The greater speed of transmission through water (approxi- 
mately 4 times) is an advantage from a telegraphic standpoint 
where sound signaling through air would leave the hearer a 
full minute behind the sender in 11 or 12 miles. In fact, the 
15-sec. interval for water signaling for the same distance may 
make much confusion. Тһе greater velocity is a disadvantage 
in depth and distance determinations. 

The remarks of the author (page 1574) on compressibihty 
of water and large forces and strength of materials needed to 
make a sound in water are incomplcte without data on the 
number of kilowatts expended and the excursion of the copper 
tube with its attachments and diaphragm. А steel rod will 
readily transmit the sound of a pin scratching or a watch tick- 
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ing, though the velocity of sound in steel is about 14 times 
that in air and though steel is much heavier than water, thus 
indicating far greater rigidity or incompressibility than water. 

What is the basis of the author’s statement that a telegraphic 
““ dot" must persist ten cycles for its pitch to be recognized? 
Lord Rayleigh (“Theory of Sound," Vol. II, page 452) cites 
tests to show that three consecutive vibrations determine pitch 
with considerable accuracy. Tests of Mr. Arthur Farwell 
(M. I. T. thesis, 1893, I believe unpublished) using a different 
method—a telephone receiver—corroborate the figure. 

Submarine signaling bv the “telegraphic oscillator" may 
well supplement other signal methods, as none are complete 
and at all times dependable. Sound signals through air must 
be retained for the benefit of small craft that cannot have sub- 
marine devices. Though a given sound тау not always be 
heard at the same distance, the air is the natural medium for 
men. Тһе ear, while sensitive to feeble sounds, тау be aided, 
and an increased range may be obtained by the help of apparatus. 
Probably many cases of alleged. erratic transmission of sound 
are due to mistakes in judging direction. To determine better 
the direction of the source of sound, an interference device or 
apparatus indicating phase of sound at two slightly separated 
points determines the direction from which the sound wave 
arrives (see U. S. patent No. 939,349). 

G. A. Hoadley: One question in connection with this paper 
is the necessity of a high degree of energy in sending out the 
sound. A pin scratch on a wire fence can be heard at a long 
distance, not because the steel or iron wire used 1s so little com- 
pressible, but because of its high elasticity, and it seems to me 
that in the case of submarine signaling it 1s a question of higher 
elasticity of the medium rather than the amount of the com- 
pression that is to be used. I am questioning whether it would 
be possible in any wav to арріу less energy and still set up the. 
wave motion. 

J. L. Woodbridge: How accurately can the direction from 
which the sound proceeds be determined by the receiving vessel? 

Н. J. W. Fay: Within a point on the compass, or 11} deg., 
at distances of between two and three miles. 

W. S. Franklin: The accuracy of locating directions of sound 
must depend on the distance apart of the two points at which 
the sound is received. How far apart are the two receivers 
when vou attempt to locate directions of sound—ten feet—or so? 

Н. J. W. Fay: The distance between the two sides of the bow 
of a ship—more than ten feet. 
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